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PREFACE 


The ^hief aim of this book is to convey, concisely and 
as simply as possible, an idea of the prindpal features 
of the various divisions of the material universe and 
of the more striking jlhenomena occurring in them. It 
is not a learned treatise, but a simple elementary study, 
a modest attempt to awaken a taste for Science among 
thdse who ordinarily take little interest in it. The book is 
.therefore primarily intended for laymen, who cannot be 
e:$pected to \^ade through a large mass of technical litera- 
ture in search of scientific information of a general charac- 
ter. It is hoped at the same time that junior students of 
Science will find in it a handy volume for casual reference. 

To start with, the subterranean wonders of Nature 
and the results of human endeavour to explore or exploit 
the depths of the earth’s crust are placed before the 
reader, and he is introduced step by step to the consti- 
tution and disposition of the rocky framewor]^ of the 
globe and to the probable physical state of its interior 
down to the central core. The mysteries and marvels 
of the ocean are unveiled next, inch by inch so to say, from 
a level high above, its surface to its deepest floor. Short 
descriptions are given* of the more important and impres- 
sive of oceanic phenomena, with explanations where 
necessary, along with references to the extent of penetra- 
tion made by man so far into, the depths of the sea. The 
reader is. finally taken on the wings of imagination on a 
pilgrimage, stage by stage, up the ladders of the earth ^d 
of the regions beyond to the ‘ Roof ' of the Universe. He 
is made to fly, more often than hot, at a sharp tang^t 
from one object to another, from one place, country or 
continent to another, from the scene of one phenomenon to 
that of another, from one milestone in space to another, 
?md freip ope heavenly body to another, With such a plap 
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of arrangement, he should not be surprised if the subjects 
of any two consecutive items in the earlier chapters are 
found to be in their nature as poles asunder. His attention 
is drawn, from time to time, during his long climb to the 
summit of the' heavens, to the approximate height above 
ground or sea level or distance from the earth, asHhe case 
may be, of his observation-point, at which he may still 
hear certain terrestrial sounds or may feel sensations of a 
weird nature or observe objects, tMngs and phenomena as 
multitudinous in their variety and diverse in their charac- 
ter as the universe is able to unfold. His attention is also 
drawn to points in mid-air from which any noteworthy 
feats have been accomplished and to milestones in space, 
reached by disease-germs, insects, birds, airmen, unmanned 
human contrivances and other objects. 

As will be readily imagined, the materials for a book 
on so comprehensive a subject have had to be gleaned from 
numerous fields of knowledge. A considerable part of the 
material is drawn from scientific and other journals and, 
to the best knowledge of the author, is not embodied in 
books so far published. Every branch of knowledge dealt 
with or touched upon is so vast that it may well demand 
even from the savant the undistracted and devoted labour 
of a lifetime. Under the circumstances it would be too 
much to expect that the author has been able to steer clear 
of errors. He therefore craves 4:he indulgence of the eru- 
dite scholar and scientist in regard to any errors they may 
detect, and he will be grateful if any such are pointed out. 

Some, if not many, of tjie values relating to depths, 
heights, distances etc. are liable to alteration from time to 
time in the light of fresh achievements in the respective 
branches of sci«ice. It need hardly be added, therefore, 
that a work of this character will require to be revised and 
brought up to date, and if possible amplified or enlarged, 
at proper intervals. The publication of revised editicms 
of this work in the future will wholly depend upon the 
H^asure of encouragement and support ext^ded to it. 



A list of the principal books and journals constdt^ is 
appmded, as also an Index. Even a cursory glance through 
the latttf ^ould suffice to show the wide variety of the 
topics dealt with, a variety which encouit^es the hope 
that there will be few readers who will not find in the 
work something or other to awaken or stimulate their 
interest. * 

The author is mucij indebted to Mr. K. R. Gunjikar, 
M. A. ( Cantab. ), B.Sc., Professor of Mathematics at the 
Royal Institute of Science, Bombay, for the trouble he took 
to go through the manuscript and for his valuable sugges; 
tions and help, especially regarding some of the astronomi- 
*cal items and piathematical portions of the work ; to ]^o 
Bahadur H. N^rayana Rao, M.A., one-time Professor of 
Geology at the Presidency College, Madras, for his kind- 
ness in looking into such of the geological items as were 
referred to him for verification and revising them where 
necessary ; to Dr. Nazir Ahmad, M.Sc., Ph.D. ( Cantab. ), 
Director of the Technological Laboratory at Matunga, 
Bombay, for kindly supplying the most recent informa- 
tion respecting a few items of physics ; to Moulvi Sayad 
Sulaiman Nadvi, Director of the Shibli Academy at Azam- 
garh. United Provinces, and a distinguished Arabic scholar, 
for a list of stars bearing Arabic names with their mean- 
ings ; to MlmSmsashirdmani Pandit Vaman Shastri Kinjva- 
dekar. Superintendent of, the Mlmamsa Vidyalaya at 
Poona, for some of* the Vedic references in this book ; to 
Messrs. Ingersoll-Rand (India) Ltd., Bombay and Calcutta, 
and Messrsi Scott & Saxby, Ltd., Well-boring Engineers 
of Calcutta, for a considerable amount of information 
about SuJ)-artesian Wells sunk in India ; to the editor of 
the Illustrated Weekly of India, Bombay, for permission to 
give the substance of an interesting article on the aspira- 
tions of a famous rocket scientist, Vhich appeared in that 
journal ; to the editor of Everyday Science & Mechanics, 
New York, for similar permission in connection with an 
article iri that magazine from his own pen, relating to a 
remarkable scheme worked out by another noted rocket 
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expert; and last but not least, to trfo well-known 
of Science who prefer to remain anon]rmous-->to the iSiel^ 
revision of some items of ph3i^ics, and to the other for 
similar assistance as also for his consistent encouragement 
and appreciation which have sustained the author through- 
out the arduous preparation required for a wofk of the 
present character based on a plan hitherto untried. 

His thanks are also due to* the authorities of the 
University of Bombay for kindly allowing him the use of 
its library. 

R. K. GOLIKERE 

Sflnswat Co-operatiTe Bufldiagi^ 

Gamd£vi, 

Bombay ( India ) 
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HINTS 

t 

'Attitude', 'Elevation' and 'Heifflit' 

These are commonly used by writerl as almost interchangeable 
terms. In this book, as a role, 'altitude ' is used in the restricted 
sense of height above sea level which anything reaches, not on 
terra firma, but in the air or sky ; ' elevation ' in the sense of height 
above sea levd at which an object is situated on any part of the. 
earth's land area or wbidi it reaches thereon; 'and ‘height’ to 
denote the vertical distance risen or reached by anything above tilie 
surface of the earth, whether that surface is land or water, or 
whether, in the case of land, the ground lies below, at or above sea 
level. Thus a bird which soars into the air from the top of a 
mountain cliff situated 2,000 ft above sea level and later happens 
to reach a vertical distance of 300 ft right above the cliff, has 
reached a height of 300 ft, but an altitude of 2,300 ft Here the 
cliff stands at an devation of 2,000 ft Wherever any doubt might 
arise as tb the exact import of the term used, the sense is made 
dear either in the text of the item or in the Note annexed to it. 
After certain altitudes it becomes no longer necessary to observe 
these subtle distinctions, so that thereafter these terms need not 
always be interpreted in the* sense ^ned above. 
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«INTS 

. Easy way of remenbering the values of * Ullons * 


A million <» 

10« 



A billion » 

10» - 

Latin 

bi-, twice 

A trillion 

10i» - 

ff 

tres, three 

A quadrillion = 

io» - 

tf 

quatuor, four 

A quintillion 

10« - 

If 

quinque, five 

A sextillion = 

10*1 _ 

If 

sex, sue 

A septillion =* 

10** - 

If 

septem, seven * 

An octillion » 

10” - 

If 

octo, eight 

A nonillion *= 

10“ - 

If 

nonus, ninth ; novetn, nine 

A decillion 

10“ - 

If 

decern, ten 


It should be easy to remember the values signified by these 
terms. To find out readily how many ciphers an ‘ illion ’ ’contains, 
multiply by 3 the number indicated by its prefix and add 3 to the 
product The French notation for these ' illions’ has been adopted 
throughout this book, as it is found more convenient for noathematicai 
purposes. • 
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Thera are more things in heaven and earth* Horatio, 

‘ 

Than are dreamt of in yonr philosophy. 

— ’ Shakespeare 

«* 

To recount almighty works 
What words or tongue of seraph can suffice, 

* Or heart of man suffice to comprehend ? 


— Milton 



. CHAPTER I 
The Earth And Its Interior • 


Bid Atlas, propping heaven, as poets feign 
liis subterranean wonders spread. 

James Thomson 

• 

According to the tidal theory of the genesis of the solar 
system, a gigantic star, hundreds of million years ago, 
approached the sun so close as to raise two enormous tides 
on the surface of the latter body. The resulting pro- 
' tuberances, says Dr. Jeffreys, were greatest at those points 
of the sun which were nearest to and farthest from the 
star. ‘ When the distance between the two bodies became 
sufficiently small,’ he explains, ‘the tendency to disruption 
due to the difference between the attractions of the Star &n 
the two opposite sides of the sun became greater than the 
sun’s gravitation could counteract, and a portion of the 
sun was tom away. This afterwards condensed to form the 
planets and satellites.’ This theory has receiv^ wide 
support and been developed in recent years, and it is con- 
sidered probable that the matter ejected from the sun 
almost at once gathered into nuclei which, proceeds Jeffreys, 
‘continued to move outwards but were deflected by the 
star and thus proceeded te move around the sun in one 
direction and nearly in one plane.’ When the earth was 
bora, it was in a gaseous state like the other members of 
the solar sj^tem. According to Jeffreys, again, its liquefac- 
tion must have become complete within 5,000 years of its 
formation and it probably became solid within about 10,000 
years thereafter. When the earth was still very hot and 
fluid, it is believed that it must haye had a fairly uniform 
surface owing to its rotation about an axis. As it cooled, 
it contracted, and this process has caused its crust to* be, 
in the words of Mr. Give Barnard, crumpled and cracked 
and folded in the same way as the peel of a long-stor«l apple 
wrinkles owing to the shrinkage qf the substance of the 



fruit. During this long process the weaker parts of the 
orust which lay deep underground have been forced up to 
the surfoce. The age of the earth as estimated by Jef< 
ireys is between 1,300 million and 3 billion years. 

We shall now deal briefly with the composition of the 
earth’s crust. The materials of which it is composed are 
called by the general name of rocks, a term Wide enough in 
its scope to include the hardest granite as well as the 
softest clay. The rocks formed at*the earliest period in the 
earth’s history occupy the deepest portion of the crust, and 
their characters indicate that they must have been fortned 
-under intense heat and pressure at a time when the earth 
was so hot that its water had probably not yet been, 
differentiated. These rocks are known a$ Azoic (Gr. a, 
negative, ^oe, life), since they are destitute of any vestige 
of organic life. Above this zone which forms the core of 
the crust are found rocks of another class in which are 
onbedded the remains of plant and animal organisms, a 
fact which leads to the inference that by this time the 
earth had sufficiently cooled at the surface, its water- vapour 
had condensed and life had already appeared on the globe. 
In accordance with the age or character of the organic 
remains embedded in these rocks, geologists classify the 
various zones or strata as follows: (1) Palaeozoic {Gr. palaios, 
ancient, zoe, life) or Primary, the lowest division of stratified 
groups, (2) Mesozoic ( Gr. tnesos, middle ) or Secondary, 
(3) Qiinozoic (Gr, kainos, recent) or Tertiary, and (4)_ Post- 
Tartiary or More Recent. These classifications in turn 
have their respective sub-divisions. We may digress here 
for a while to show how these different clivisions are 
associated with the Ages of the respective forms of animal 
life that appeared on the earth in the long course of life’s 
evolution and culminated in its crowning piece, the most 
higUy organized form.of life— Man. 

t> i • I Age of Invertebrates ) These include ancient 
raiseozoic j Age of Fishes and Amphibia land extinct forms of Itfe. 

Mesozoic — Age of Reptiles and Birds, intermediate forms ctf life. 

^Jfdnozoao— Age ci Mammals, exhibiting reorat forma of life 
oUier than Man. .* 

• r ■ . . 



Pisit*T«r^ftry^Ag« of Man. 

Tben, tiiat no (^on of the onlvene 
Should void of life remain, .... 

The aeas became th* abode of glittering fish, 

Earth took the beasts and moUte air the birda. 

A holier animal was wanting stfll 
With mind of wider grasp, and fit to rule 
the rest. Then man was bmn. 

Ovid: Metamorphoaet 

As applied to India, the Palaeozoic division is associated 
with the Dravidian Epoch, and the Mesozoic and Cainozoic 
divisions with the AiVan Epoch. 

f'hose rocks that have been formed by the consolida* 
tioh of molten masses, molten because of the intent heat 
* in the earth’s interioi:, are termed igneous rocks. The liquid 
substance witfiin the earth’s crust that finally solidifies as 
rode is called magma. Those igneous rocks which have 
gradually cooled at considerable depths under high 
pressure are called Plutonic or abyssal rocks, and those tHat 
have been thrown up to the surface and solidified more 
quickly are known as volcanic, eruptive or effusive rocks. 
Granite is an example of the plutonic type. Rocks formed 
by the consolidation of the coulees or lava-flows from 
volcanoes come under the second type, of whiqh basalt 
affords an instance. Besides these two, there is a third 
type which is structurally intermediate between them. 
They have risen far up but failed to reach the surface, and 
have consolidated in fissures at no great depth. These 
are Called intrusive OT*hyPabyssal rocks. 

We come next to what are classed aqueous rocks. 
The brokeSi or loosened fragments of the rocks already 
consolidated on dry land often go to form what are known 
as fragmental or detrital rocks. As examples of these may 
be mentioned siliceous rocks like conglomerate or pudding- 
stone— large, rounded fragments consolidated from gravel— 
and sandstone, and argillaceous or clay-rocks like claystone, 
mudstone, shale, and slate which is formed by clay subjected 
to miormous compression by ^th movements. Hugequanti- 
tiespf the ancient rocks, w^en exposed to the' surface^ 



wear away by the action of rain and riviari and 
UnvHieh other agencies, and thdr d^s or waste material 
is called in suspension by the water until at last it settles 
down in vast quantities. In this way sediment is deposited 
in layeia cabled stratOt and it gradually int^rates into a 
solid mass under the pressure of the later formed overlying 
sediment. Rocks thus formed are called sedimeHtetry or 
stratifted. Though in their origin superficial, they may be 
ta^ken underground as the result^ of earth movmnents, 
Similarly, underground forces at times bring about a rer 
verse movement in some rocks. The familiar granite, 
though in its origin deep-seated, may and does appear at 
the surface as the result of the combined action of earth 
movements and the removal of the^oveii s| pg mantle of 
rock by surface or atmospheric agencies, ^^ere is another 
group of aqueous rocks called organic, i^ich are formed, 
not from the refuse of ancient rocks |mt mainly by the 
agency of vegetable and animal life. ^''Organic rocks are 
sutnlivided into two sections: calcareo^—thos^ formed by 
the agency of animal life ; and carbonacekm— those formed by 
the agency of plant organisms. Calc^ieous rocks are com- 
posed for the greater part of shells and the debris of shells 
of countl^ minute animals that once lived in the ocean. 
With thar death their remains descended to the bottom 
and petrified there in the long course of time. Some spe- 
cies of .limestone which include chalk, the softest and finest 
variety of limestone, belong to .this section. Of carbona- 
ceous rocks coal is the most important example. It is 
formed from vast masses of vegetable matter which lay 
buried for ages under sedimentary deposits and were there 
subjected to pressure, heat and chemical action. Some- 
times the organic remains of animal and vegetable life be* 
come enibedded in the strata of the sedimentary layer and 
either remain there partially preserved or become petrified. 
Such remains are termed /ossiis. Chalk strata are charac- 
toriaed by remarkable fossils, the most distinctive being 
the giaqt lizards or reptiles of the Secondary Epoch such 
as the iguanadon, the megalosaurus and the pterodactyl 



Of fo8#» cob} fttRih^ a t^cc^ example 

There is yet another group of rocks the materials whereof 
are generally minerals obtained from other rocks che- 
mical agency, Ro<^-salt and certain kinds of limestone 
and iron ore come under this group. * 

,<r All this information about rocks, tedious though it 
may appear, is essential for even an elementary idea of the 
nature of the earth’s crust, and besides, many of the tech- 
nical terms used appear ia later explanations. This may 
not be exactly a wonderland, but we hope our fellow-pib 
grima will not suspect that we take this rather circuitous 
route to regions higher up merely to show that the path 
to heaven is rugged ! 

* There is a Made opaque mineral with resinous lustre, 
called Tachylyte,*which occurs in trap-rodc, a sub-species 
of the igneous class, and was formed for the first time at 
an age somewhere between the periods of the formation of 
granite and the ancient volcanic rocks. In very thin seo* 
tions it is brown and translucent. It derives its name from 
the ease with which it fuses under the common blow-pipe. 
The conditions under which it is found indicate that it has 
been formed by the rapid cooling of what was originally 
basalt in a magmatic state. Owing to its glassy appear- 
ance it is also called Glassy Basalt. It constitutes practi- 
cally the whole content of the lava erupted by volcanoes as 
in the Hawaii Islands, and is ejected also in the form of 
cinders or scoriae by basaltic volcanoes like those of Ice- 
land, Stromfacli and Etnd. Another important sub-species 
of igneous rode k the Diorite, a crystalline granular rock. 

Certain nk^s contain a mineral called chrysolite, a 
yellow or green precious stone, of which olivine, a mineral 
of olive-green colour, is a sub-spedes. Chrysolite and its 
sub-species are harder than glass, but not so hard as 
quartis, and are often transparent but sometimes oidy 
translucent. There is a rock named t’eridotite of plutonic 
origin which is composed chiefly of olivine but has a dark 
colour. A sub-^edes of peridotite named Dunite shows in 
its composdtion a considerable preponderance of divine 



Is an dmost W 

Tte ipieotts and sedimentary rodcs have in many cases 
greatly altered their nature under the influence of sub* 
terranean heat, high pressure, earth movements or other 
Winces. They are then called metamorphk todks, and the 
t^ange undergone by thm is known as* metamorpkism. 
They generally occur in a less or more crystalUne state. 
For instance, quartzite is a crystalline species of sandstone, 
and marble a compact crystalline variety of limestone. 
The most widely distributed rocks of the metamerphic 
type are gneiss and schist. The crystalline layers of the 
latter rock are closely set and easily split, while those of 
the former, which is a metamorphq^ form of granite, are 
of coarser grain and not so distinct. Eclo^te, an important 
kind of rode, is considered to be normally derived from 
rocks of basaltic composition by metamorphism at great 
* pressures. It consists largely of garnets, the red variety, 
and among the other minerals present the principal one is 
smaragdite, a mineral of light grass-green colour. 

Professor Reginald A. Daly puts forward the theory that 
the crust below the ocean must be composed of rocks 
different from those which constitute the continents, for 
the reason that not even a single piece of granite has so 
far been found in any of the hundreds of volcanic islands 
in the Central Pacific, a quarter of the area of the whole 
earth. It is probable that the sut^eanic crust is made up 
of denser materials than those below the continents This 
view is based on what is called the prindple of iso^asy. 
Since over 7/lOths of the earth’s surface consists of water— 
this is mostly concentrated in the southern hemis- 
phere— the globe would be ‘top-heavy’, that is, would not be 
in statde equilibrium as it rotates, if the materials below the 
ocean were not den%er than those under the continents. 
This equilibrium is called isostatk eguilibriufn. 

* That branch of geology which is concerned with the 
compodtion and classification of rocks is called petrology, 
bud the departih^t bf biology which treats pf fpsdl piiganic 



remafos^ d tomch in which both gedogiste and hioh^bta 
are equally interested, is known as palaeontology. But there 
are wheels within wheels. That section of the k»t>nanied 
science which deals with the fossil remaiu^ of animal 
organisms is termed palaeozoology, and the sub-b^ch 
which concerns itself with fossil plants or V(^etable 
remains is nanSed palaeophy tology or palaeobotany. 

The ^rth’s equatorial diameter is 7,927 miles, polar 
diameter 7,900 miles and hiean diameter 7,918 miles. The 
earth is flattened at the Poles and bulged at the Equator 
and in shape, therefore, it is an oblate spheroid. As its 
surfabi is Curved, the distance from Pole to Pole is re* 
presented by the length of a semi-circumference connecting 
the two Poles and amounts to about 12,414 miles. The 
superficial area of the whole earth is 199,199,625 sq. miles, 
of which the land area measures 58,160,938 and the water 
area 141,038,687 sq. miles. The earth thus consists of, 
about 29 per cent land and 71 per cent water. 

With these brief introductory remarks about the earth, 
its origin, constitution etc., we start on our great pilgrim- 
age through the universe. We propose first to pierce the 
crust and descend deep down to the bowels of the «earth. 
But, before doing so, let us hark back to the poet’S lines 
quoted at the head of this chapter. Has Atlas any subter- 
ranean wonders to reveal? If so, let us see if there, are 
any which we can visit and study without bringing our 
boring tools and instruments Wo operation ! 

( 1 ) An idea suddenly flashes across our mind. We remember 
what we learnt*in our school-days — that there is a mountain chain 
in northern Africa named after that mighty Titan of Greek mytho- 
logy. We d^ide to commence our subterranean pilgrimage ttma 
the plateau of one of these mountains. On arriving there we make 
a cursory survey of the ground. We observe a number of small 
pits cover iytg the r^ion and go down one df them. We find to our . 
surprise distinct evidences that they are not natural, and are bsgip* 
ning to wonder what we may come across at the bottwn, . when 
harkj a chorus of aiigry voices evidently swearing at os tresp a ssers 
suddenly our ears I What marvel is it that Atlas has In 
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at so aaHy a staga? V^.cfti eair& lioi^ 


Undeiipfouxid dwellings of the world’s ) D«t*h 
strange tribe of ‘Hole-men’ I I2-I5ft. 

Note,— locreditde as it in«^ seem, there is a place in the world whose 
popnlation, numbering no fewer than 11,500, live in holes 1 It is the 'town’ 
of Matamata, 3 sq. miles in extent, lying in the Atlas Mountains. The 
whcde tmitory is covered with circular tt^els, 12 to 15 ft deep^ which are 
provided with steps leading to the underground town. Rooms have been dug 
in hard day. These hole-men are sportingly called ‘dimbing troglodytes’, a 
Greek term meaning ‘cave-dwellers’. This is not the only place in nOrthem 
AMca where hole-men are to be found. In the Sahara Desert two miles 
from Taoudeni, a town very difficult of access, is a group of salt-mines called 
‘The HieB td the Salt’, worked daves. These workers dwdl in holes dng 
pist under die ground levd. Two intreidd ^Inchmemwho recendy visited 
die place entered one of these boles out of curiosity, and in so doing had to 
bow low and in places even to creep. These discoveries remind us of those 
prehistoric races of the earUer and the more recent periods of the Stone Age 
sdio, ardiaedogists tdl ua^ lived In caves and subsiated on shell-fish and the 
flesh of wild animals, and about whose physical appearance and sodal 
iuibits some interesting literature, accompanied by illustrations^ appeared 
in certain journals a few years ago. But we were hardly prepared for the 
discovery that some of their ‘ancestors’— or rather a whde colony of themr- 
trere sdll in the land of the living I 

Afri^ is a museum of prehistoric ethnological exhibits. For, while the 
North holds up these hole-men as a living wonder of the worhl, specimens 
that mark, from the habitation point of view at any rate, the next stage in 
die evtdution of the human race have been found in the East. There is a 
tribe \n East Africa whose members live in caves high up on the mountain 
1 ^. Mr. A. Copping, a British traviUer, p;dd a visit tp these interesting 
cave-men in 1931. They have been living for generations in these primitive 
dwdiings, aiming at no higher dvOization. . 

Herodotus (born about 484 B.C. ) tells us of a race of Vro{^yte Etfaio- 
piaiis hi timer Africa, ‘very swift of footi living on lizards and creeifing 
diings, and with a speech 1^ the screech of an owl.’ The prpsmit-day hole- 
men and cave-men of Africa must have a long history behind them extenffing 
over a conatlesa number of years. 

, . It may tint be generally known that a number of peofde, though to 
special rsMona used to live in holes a few centuries ago in no less a country 
d^ Eu ida nd . During the rebpi of the Tudon and the early Stuarts the 
j^i Windsor forest was infested with wolves, which had becmne so great 
t tdrtw that iaaiQr of the peatMints In this r^dn dwdt in hdes ih the 

, * 



^ Lake yet 

Noto-^Btief patUcubirs of this lake appear in The Sphere of Sib Decern* 
ber 1931. It was discovered only in that year by a party consisting of Profes- 
sor Alviani of Trieste and two other scientists. The lake lies near the Grotto 
of Postumia jp Italy and is 300 ft. long and 180 ft. broad. The route is a 
most arduous one and had to be negotiated by a rope-ladder. The last por* 
tion of the path beUng extremely narrow, the party had to crawl along a jias* 
sage barely 2 ft. high. The lake is remarkable not only for its size, but also 
for the slope of Its roof which ^ries from 2 to 150 ft. above the water 
surface. 

(?) World’s most remarkable Subter-I ^ 
ranean Rivulet— Echo River near the b 
■ Ruins of Kentucky, U.S. A. J 

, Note.'— It is a brook about J mile long, f According to the BncycL Br, 
It is 20 to 200 ft. broad and 10 to 40 ft. deep, and is covered by a 
symmel^cal vault iS to 35 ft. high. It is famous for the resonance of the 
tones given out by its vibrant stone which reverberate for from 10 to 30 
seconds along its vaulted gallery.’ Boats can traverse this stream for half 
a mile, says The Spitere of 5th December 1931, and a ride over its clear 
waters Is one of the most unique experiences in the world. ‘Nowhere else 
can it be duplicated. Nearly all the river is one vast resonating chamber.' 

A river sometimes abruptly plunges into a vertical pit or cleft and re- 
sumes its course in a cavern below. A notable example occurs at Ingles* 
borough in Yorkshire. Here the river, after hurling itself into Gaping Ghyll, 
365 ft. deep, flows underground to a considerable distance until ih emerges 
again frinii a cavern known as Gapham Cave^ • 

. ( 4 ) World’s most wonderful Subterranean ) About 690 ft. 

natural Pillared Halls / underground 

Note.— A discovery of great interest was made in 1931 in the Gorges 
du Verdon on the southern boundary of the Basses Alpes (Lower Alps) 
Department of France. Thesd gorges have long been famous for their pic- 
turesque precipices, many of which are still unexjflored. In 1931 the Mayor 
of Eguilles witl^a small paVty went on an exploration trip to this region. 
They found by means of a lead line a shelf of rock at a depth of 75 ft. and 
went down to it There they discovered a deep pit walled by massive rocks 
and descended into it to a depth of 120 ft. Coming back to the top they set 
up a depot of ropes, rope-ladders, axes and powerful acetylene flares. The 
Mayor let himself down again about 240 ft. and established there another 
store of cHmbing equipment He went down alone into the dark depths for 
a lOstance of 450 ft. On alighting he discovered the entrance to a magnifl* 
cent cave containing five great haUs 'pillar^ by white stalactites’, and he 
deicribes It as *a veritable fairyland palace’. 

SUUw^es are conical or cylindrical fragments hanging from the roof of 
a cavi^ Und produced by the filtration of water in which partides of Ume^ 
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stoiifiiire siiapeiided, rocks. When the mter 

eye^orate^ it leaves behind a calcareous deposit which, owing to continued 
ti^l^iig of water, graduaUy becomes a pendent mass Uke an ictd^^ Someof 

water drops on the floor and results in the formation of dmilar masses 
which are knowi^ as stalagmtes. Th^ sometimes form continuous sheets 
ind often rise in conical masses which meet and blend with the pendants 
above. When the stalactites and stalagmites are so fused toge&er, they are 
called staiacUtk columns. It must be columns so formed that ‘pillar’ the sub- 
tefVtaean halls described above. 

There are also stalactites of ice. They often closely resemble those in 
limestone caves and are found in the grea^ ice caves which occur in the 
Arctic and Antarctic regions. 

While there are numerous stalactite caves in the world, only one is 
known which contains coloured stalactites. It is the ‘Fairy Grottoes’ near 
the old city of Sealfeld on the river Saale in Thuringia, Central Germany. 
Among Its other attractions are a number of mineral springs, some of which 
are strongly radio-active,* which have been used for some years with excel- 
lent results in the treatment of gout, rheumatism and nervous disorders. It 
was assumed that radium emanation must also be proceeding from the rocks 
through which this spring water flows, and tests conducted through a whole 
winter revealed a high degree of radio-activity in the air in one cave con- 
nected with the uppermost of the three levels of the grottoes. This cave is 
now being equipped as an ‘emanatorium* as it is called, and will be the first 
subterranean health-resort in the world. 


(5) Bombay’s nearest Artesian Well— the 
. one at Viramgam, Ahmedabad District 


Depth 776 ft. 


Note.— 'An artesian well hr a deep, vertical, cylindrical hole bored into 
the ground through a series of strata to a water-bearing stratum composed of 
sand, sandstone, chalk or other calcareous material, and enclosed between 
two impervious layers of clay. Wells of this class are usually sunk in areas 
where the underground permeable stratum is bent into a basin-shaped curve 
and crops out at the surface of the ground. Ram-water falling on the exposed 
ecj^ of such a layer percolates through the porous bed and collects at the 
bottom of the basin, forming an underground ^reservoir, so that when the 
boring instrument reaches this pool, the water rises in a constant stream to 
the surface of the soil by natural hydrostatic pressure and generally spouts 
up several feet above it A brief description of the type of d|^l commonly 
used nowadays in sinking artesian wells appears in the next itm. The bor- 
ing of wells of this class is not always easy work. The drilling rod some- 
times breaks after piercing ^ great depth, and the removal of the broken 
Iparts which is necessary to permit of deeper penetration, is extremely labori- 
oit&and sometimes impossible. 

Artesian wells have been bored In ancient times by primitive methods 
in several countries, and distinct traces of them have been found in China, 

* Fear explanation of this term vulc Chapter VI, Item I* . 
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in the gieat Sahara Spi^iig* of tUt 

daM have txMm sunk durii^ the past UO years in various parts of the 
world, The French Government h^ bored a number of them in Sahara in 
the vicinity of Algeria, to depths of^|^ to 800 ft The Sahara Artesian 
Basin supplies over 100 miiUon gallon^ of water per day, an^ several bahen 
tracts have been converted into fertile land through these wells. Exonr 
some of the Aibterranean pools which feed these wells the water brings up 
small fishy river-crabs and fresh-water molluscs. 

The number of artesian springs bored in India is very small, thougliNre 
have no information as to their^approximate number. Nor have we been 
able to ascertain the depth to which the deepest of them has been 
sunk. The artesian well nearest to Bombay is the one at Viramgam, a sta- 
tion Oil the B. B« & C. I. Railway, 350 miles to the north. It was sunk in 
1915-10. The water comes up at a temperature of 40® C. (104® F.), which 
remains constant. 

• 

(6) Deepest-known Sub-artesian or Bore 
Well sunk for water in India — the one 
at Mehsana, Baroda State 

Note 

This well belongs to the B. B. & C. L Railway and was bored 
in 1927. It is 6 in. in diameter throughout and supplies 10,000 
gallons per hour. Of late years hundreds of wells have been drilled 
for water in different parts of India. Two 8- inch wells, each 500 ft. 
deep, were bored in the Alkali Works at Dhrangadhra, Kathiawar, 
in 1927. They yield more than half a million gallons per day, Sufficient 
for the entire requirements of the Works. Similar wells have been 
sunk for industrial and agricultural purposes in the Dhran^idhra 
State. At Luvaria Farm, a 4-inch well, 300 ft. deep, gives a supply 
of 20,000 gallons an hour ffirougfiout the year, and the yield from 
another at the near-by Huzur Palace is 10,000 gallons per hour. 
A large numbar of small Taore holes have also been put down in the 
kitchens and bath-rooms of houses in many parts of Kathiawar, 
particularly in places like Dhoraji and Batwa, where there is a large 
Mahomedan population. These wells are highly appreciated Iqr 
purdah famtlifts- The Industrial Engineering Section of Madras, a 
Department which has been in existence ibr some years, has sunk, 
at least 41 bore wells in the Presidency— 20 in South Arcot District, 
10 in East Godavari, 9 in West Godavari and 2 in Vizagapatam 
District. In a single village, Kavanur, a station on the M. & S. M. 
Railway^ tbeye ve 8 such wolls within si, few yards one' another. 




935 ft 



lilii itkifiUBd tinct tfaesr s^oon) l|t 0 Mt snsl>4rfeMli8it si^p^ 

tf 'iiiter ^ the ivorld. The Department M Industries & Ckanmerhe 
fi lltyseae State has, in consultation with t^ Agricnltmal Depart’ 
men^ been active daring the last fdw years in boring weUs in various 
Wera which used to safiSsr from scarcity of water. The number ci 
tn(^ wells in the State sunk up to the and of June 1961 was 14Q, 
thrir aggregate depth being 12,658 ft, an average of 90 ft per well, 
the total amount spent on them being Rs. 111,962 or an 
average of Rs. 8-13-6 per foot of depth. 5 wells bcned at Tiptur 
yield 14,000 gallons an hour. In the town of Dodballapor 3 wells 
have been sunk, and a scheme has been prepared for pumping out 
. water by air ’lift, a system briefly described later, and the motive 
power will be electricity. The bore wells of Madras and Mysore 
have been instrumental in bringing thousands of acres under ctdti' 
vation and providing several places with an abun^t supply good 
drinking water all the year round. The second deepest bore well in 
Indm the one at Rawalpindi (Punjab) which belongs to the North- 
^Vestem Railway. It is 900 ft. In depth. The same Railway has 
sunk elsewhere a 10- in. well which yields 48,000 gallons per hour. 
A large number of bore wells have been sunk also by the Punjab 
Government. 

We do not know the approximate number of bore wells surik 
ifor wafer in the whole of India, but we have been able to ascertain 
that tile total number exceeds 1,200. One leading firm of Boring 
Engineers and Contractors at Calcutta alone has sunk op to the end 
of May 1932 more than 600 wells in various parts of the coontxy, 
feom which over 36 million gallons of water are being pumped daily. 
.'Tbedepthsof these wells range from 100 to 450 ft. The water in m(»t 
cases rises to within 30 ft. of the surface,* so that the pumps here 
do not require to be carried to any great depth, Two artesian wrils 
sunk hy this firm in Sylhet (Assam) to a depth of 280 ft. yield 
each a^t 2,700 gallons an hour, the water rising 15 ft above ground 
.'leveL These extensive bore holes have been sunk for the use of 
. (Cotton, Jute, Paper and Rke Mills, Engineering, Steel, Gas, Paint 

Chemical Works, Sugar, Ice and Aerated Water Factories, 
oil , Depots, Tea Gardens, Banks, Clubs, Colleges, Hospitals, 
.Municipalities, Railways, Docks, Golf and Race Courses, . Camton* 
meats, Constmetioa Camps and private traidencies. 



dwQieft wator>«cill ^Otod In that ham Haard M 
ia Ilia eoe at Aden. Itwas eotnplated in 1928 :and Is IjfiSSdtln 
dc^ti* Ita upper portion is 8 in. and lower one 6 in. in .diainatcar. 
xAt the time (d completion its yield was 8,000 galldns an homr. Two 
very deep wells bored by the North* Western Bail wa/inBalactuetan 
deserve mihtion. One situated at Isatahir is 1,410 It deei^ and 
the other at Dumboli is 1,585 ft in depth. # 

i#.' 

More than 4,000 snb-artesian wells have been bored in t^neenS' 
land and the central lowlandl of Australia, some of them to depths 
of over 4,000 ft. The temperatures at the points of issue vary hxnn 
22°C. ( 72** F. ) to boiling point It is possible that still deeper water* 
wells axist in America, for in some cases very deep borings sunk ■ 
^or oil have yielded only water. 

One of the most imprbved types of drill used nowadays for all 
boring purposes is the 'Calyx’ Core Drill of the IngeraQll*Baiid 
Company of New York, which has in recent years come Into wide 
use in boring wells for water in India. Different classes of It tnas 
available to suit the power used to drive the drill — ^bind*power, st^im* 
power, gasolene-power or electric power. One part of this instrument, 
the boring rod, which is hollow, performs the drilling work. 
the operation progresses, water is pumped in through the hollow 
rod and into the other inner part of the drill, a cylindrie^ tube 
called the core barrel. As the cutter or shot bit— whichevfir of the 
two is used — rotates, it cuts a circular groove into the material under 
•it. The water passes from the core barrel, under the bit or cutter, 
and rushes up through the space left around the barrel b7 the dear* 
ance on the bit, carrying with ft the debris collected. When the 
top of the 'calyx’ is reached, the upward speed of the water is consi* 
derably reduoid on account of the wider passage afforded around ffie 
boring rod. At this point the heavier cuttings oonvejred by the 
water drop into the 'calyx' on top of the core barrel plug. As the bit 
goes deeper underground, a cylindrical mass or core of the material 
drilled rises through the hollow bit into the core barrel. When this 
barrel becomes nearly full, the core is broken off, and the core barrel, 
along with the bit and the 'calyx’ is hoisted to the surfoce. After 
the core and 'calyx’ cuttings are removed, a length -of boring xoS. is 
attached ff necessary^ the string of tools low^ed into the hole and 
the |uoc^ of drilling resumed. Where the hole has been Started 



tbgp w tft an ovwTliQmr of earflit giavel, nod or otiber iBoft matariid, 
ara iMven into tho bore bole as far down as neces* 
Alter a certain depth has been 
penetrated, tiie pipe is either driven or rotated down according to 
Whidiever me&od is considered pr^erable. 

The 'Calyx* Drill has been ^le to cut its way through iny material 
so for encountered by it It has burrowed its way through 
fonnations rane^ng from day, shale, coal, slate, sandstone, limestone, 
and marble of almost every degree d hardness togranitob quartZ'rock, 
jasper and even corundum, a crystalline mineral inferior only to the 
diamond in hardness, found in India and China. • 

Hie cost of boring of course varies with the nature of the soil 
and sub-strata, but it has been found to be considerably less than in 
the case c£ an open well dug in the same, area. In the villages of 
Bikanmr State (Rajputana), for example, the hsmd-dug wells are 
fitpoQ 100 to 400 ft deep, and bore wells here would have been 
much cheaper. Such wells are particularly usdul in regions where 
{he water-bearing stratum lies too deep to be tapped by an ordinary 
' hand-dug welL Occasidially, however, even very deep boring fails 
to strike a water zone. At Amballa Cantonment ( Punjab ) the 
Military authorities carried the drill to 1,612 ft, but without success. 

In a%ub%rtesian or bore well, unlike an artesian well, as will 
have been noticed, the water rises only up to a certain level, as the 
onderground pressure which brings it up is not high enough to force 
np the water to the surface, so that it has to be pumped out for use. 
for pumping out a certain quantity in a given time, particularly 
where there is a group of bore wels, the^ Air Lift system perfected 
,by the IngersoU-Rand Company has been found to yield excellent 
resnlts. The advantages of this system are that the yield of a well 
is often increased and the extensive aeration to whi<m the water is 
subjected by compressed air adds to its purity. The main eqai{unent 
for an Air Lift Pump installation consists of an air compressor, air 
receiver, air pipe lines and a pump or foot piece. The last-named 
devipe i^yped for connecting the air pipe with the discharge pipe . in 
’ a well also as a medium for omitting compressed air into a 
cdtumn of witofv 

In many countrtes there are large alluvial tracts — areas in river 
yall^ and plains bqiit op of thick pccumnlatiqns and ^posits of 



sediitipit >a the form of gravel, saod and oocasfonaily dky, laid down 

riyfar| when they overflow their banks. Most bore wells m 
Ind^are sank in allavial tracts. When a well is to be sank in sadi 
an are^ the method employed is to sink casing pipes ,down to tiie 
water-bearii^ bed to prevent the soft strata caving in and choking 
the hole. As soon as water is struck,' tubing consisting of various' 
ftypes of strainers is lowered into the bore hole and the casing 
withdrawn. Bore wells sunk in alluvial tracts are also called Tube 
Wells. Drilling to a maxiftium depth of 500 ft. is generally 
sufficient to reach the water-bearing stratum in these cases. Many 
tube '(fells have been sunk in the Gangetic Delta, each supplying up 
to 60,000 gallons an hour. In India chiefly, *bore well* and 'tube 
«g^ir are used as more or less interchangeable terms. In England, 
barring of course tl},e river-plains — the dales and holms — which are 
alluvial, the strata are hard and do not cave in, so that the walls of 
a bore hole in that country remain intact and do not require to be 
cased. No stumers are used there, as the water is obtained from, 
fissures in sandstone, limestone or chalk ^s. Wells drilled in 
such hard formations can therefore be more properly called Bore 
WeUs than Tube WeUs. 

■A 

Our object in giving all these particulars is to furni^ as^ much 
information on the^subject as possible within the limited compass 
of a book of the present kind and to stimulate public interest in 
India in the water-well boring industry which has come to stay 
in this country. There are large arid tracts, especially in the DecCan, 
Sindh and Rajputana, wher^ an extensive sinking of such wells is 
sure to i^ord great relief to a population suffering for a considendile 
part of the year fromacaroity of water. 

There is still anoffier class of wells known as Abyssinian Tube 
Wells. These can be sunk only in soft ground to depths of not morn 
than 30 to 40 ft. They are usually 2 inches in diameter. They are 
successful only where the water-bearing bed exists at a shallow depth, 
'I'he appaxatOs used is a cylindrical iron {bbe with a shalp point 
of solid tempered steel. The tube is perforated immediately above 
this point with a number of small holes. It is driven into theground 
by means of a rammer or monkey till indications of water sqfpear, 

when a small saction*pamp is applied to the tube and the watef 

• • 
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W^ this ttppamhis only a tsmpontff $D(ii>l 3 l ol liilit 

■ Bovihgs for Oil, ooDsideiahly deeper tiiain the holes litilled^ripr 
^fef, have beeti carried out in India by the Attock Oil 1,1^ 
in their oil-held 'at Khaur near Rawalpindi. About | wells here 

have readied depths of 4,600^,800 ft. 

'* ^ • 

(7) Greatest Drath underground at which anl 

‘Icy Air Well ’ or fngid compressed |iir [• W7i ft. 
has been met within the course of drilling J 

N<lte.*-*Seven years ago, while searching for oil near Texas, U. S. A., the 
drillers encountered a rush of ice-cold compressed air, which ^ux^d up 
from a wdl and continued to exude steadily. Later on another oil-well in 
the same area was found to send out the same remarkable product. A third 
well has been recently discovered in this region. This time the * icy dkir' 
wdl' was tapped at a depth of 1,171 ft. The flow will <>e harnessed to sup- 
ply power for boilers in the local indnstrial plants in place of steam, and will 
alM be utflized for refrigeration of vegetables and other articles of food. It 
has been found that, in the hot season when the temperature at the surface 
was 90® to 100® F. ( 32*2® to 37*8® C. ), the compressed air from the other 
two wells stood below zero.^ 

More recently prospectors in America found to their surprise streams 
of carbonic acid gas gushing out of several wells drilled in search of oil and 
free natural gas in the desert regions of Western Colorado and Eastern Utah. 

^ World’s Deepest and Largest Subter- 
* ranean Cave— the Carlsbad Caverns in 
New Mexico, U. S. A. 

Note.— W« learn from Popidar Sdtnce AfontUy of June 1930 tibat an 
expedition consisting of twelve explorers and scientists led by Mr. Frank 
Enact Nichdson, author and travelles, visi^ these caverns in that year 
end q^t several weeks underground. Defending by«|apea into what was 
known for a long time as the ‘Bottomless Pit’, tli^ found it to be a dark 
abyss 300 ft. deep with a dry river b^ for its fioOt^-IBlq^hete ki the cave 
th^ li«nt down 1,350 ft underground, the lowest le^ of ipi floor, and thus 
tSteoreted it to be the deepest natural cavern e^ored. Among other 
ohjeeta M adentific interest ^ey found in the cave fllisteningiatalactitas and 
calpTCpar crystals in variety and abundance. Wearing special hdmets as a 
{nrOtOBtioo from the falling pieces of the stalactites, the exidorers added 
tJxHit Ifllnilesof new passages to the 22 miles already well known. The 
most haoaa^ the caverns, 750 ft below ground level, is ’The Giant’s Hall’, 
t^ch is psofMd^ the largest natural subterranean hall in the world. It is 
tm^tUm half a mile In length and 3tf ft. in heit^t Vrith a maximum 
hMtdth ofdOO ft. These caverns went formed by the iwtimi of aubter- 
fapiini waters in dissolving and eroding beds of rock-jalt and HiqsstoiM. 


300-1350 ft. 
underground 


'--0 

^ Of the weatiiig Itifltii^aces oo Umestoie 

cocks; of water moving underground^ is Uie great Mammoth Cave in Centra 
Kentddcy. U.S.A. Though the whole cave encloses an area of only about 
80 sq. miles, scores of winding passages with domes, chambers and pits have 
been excavated to a collective extent of 150 miles without Rowing for those 
which stillfemain to be explored. The main cave has its entrance In a 
forest ravin! half a mile from Green River along whose banks open numer- 
ous passages of the cave. It varies from 40 to 300 ft. in width, and without 
including the subsidiary caverns and their branches extends to a length of 
4 miles. Thereof is 35 to 125 ft. in height. Picturesque cascades, lakelets 
and murmuring runnels, shinhng stalactites, stalagmites and stalactitic 
columns, sparkling floriform crystals of calcareous spar, all these add to the 
magnificence and charm of this wonderful underground region. The runnels 
are nav^able to small boats for about five months in the year. A fine 
sandy beach leads from the last of the lakes to Echo River ( vide Item 3 ), 
4 w»whose rippling limpid waters reflect tlie gorgeous stalactite festoons and 
other striking features of the galleries through which the brooklet runs. A 
cool temperature prevails throughout the cave, and the purity of the air is 
remarkable. The Mammoth Cave with its diverse attractions and labjnrin- 
thian formation is the grandest subterranean wonderland discovered. It is 
at the same time the most extensive cave known. It is estimated that (he 
underground waters have been at work on the limestone strata since the 
Miocene or third period of the Tertiary Era in the geologic time-scale. 

(9) Oldest Artesian Well in a great city— the 1 . toc.* 
one in the Crenelle Quarter of Paris j 1.^95 tt 

Note.— This spring was commenced in 1834 and completed in 1841. 
The water that gushes up from it is of a constant temperature of C 
( 82® F. ). 

(10) World’s Deepest Artesian Salt-Spring— 1 .aTaft 
the one at Kissingen, Bavaria, Germany j 

Note.— It throws up a cplumi^of water to a height of 58 ft The tem- 
peratufe of the water is 19® C ( 66 ® F. ). An extraordinary feature of this 
well is that itq ejecting force is due^ not to natural hydrostatic pressure, but 
to that of car^nic acid gas which is generated at the junction of a gypsum 
bed with magne| 3 jtim;^‘me 8 tone at a depth of about 1,680 ft. 

(11) Deepest Artesian Well bored in a great city 1 1 ow 
-^--the one in the Passy Quarter of Paris j 

Note.— Its diameter at the bottom Is 2 ft. 4 in. It ejects a continuous 
stream of water at the rate of 5,582,000 gallims a day to a height of ^ ft. 
above ground level. The Pass^ and Crenelle Wells are among the sources of 
the city's water supply. The temperature of the water from both ia the 
same, thus indicating a common source. 

It is possible to erect artificial fountains which can throw up a column 
of water to considerably greater he^ts. The famous Jet d^Eau at Versall- 
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100 ft, and the great foanf|Mo 8tvC%ilt»> 
which Iwlda the world^a record, spouts a shower of 
wati^ to a hei^t of 267 ft. 

(12) Eur<H>e's Deepest Artesian Wdl—the one 1 « 

at Rochefort, France J 

(13) Greatest Thickness discovered for an undeft- ) At 

ground Rock-Salt Bed J 3,914 ft. 

Note.-*A deep boring was made at Sperenberg, 20 miles from Berlin, 
with the object of obtaining a supply of rock-salt A bore hole 16 ft. in 
diameter was carried dowp to a depth of 280 €t. where the salt deposit began. 
After a further depth of 680 ft was reached, the bore was reduc^ and the 
work continued till the great depth of 4,194 ft was attained without^ the 
bottom of the salt bed being reached, and the bed has thus the extra- 
ordinary thickness of at least 3,914 ft 


(14) World’s Deepest CJoal-mine—oneV innn/, 
of the mines in the Coal-fields in 
Belgium J b>'.. / 929 ) 

Note.'-Coal strata occur in more or less horizontal beds, so that the 
entire coal in a field is obtained from a nearly uniform depth. In the case of 
mineral deposits, however, containing metals, the metalliferous veins are 
usually fissures in the crust, called faults or dislocations, caused by great 
earth movements. These faults often extend downwards through various 
formations and generally occur in slates, schists, granite and metamorphic 
rocks. They were at one time more or less open and formed subterranean 
channels for water filtering down from the surface, but are now closed up by 
mineral xnateriak deposited on their sides. Metalliferous veins therefore 
run in descending masses unlike coal-beds. This is one reason why ores can 
be obtained from greater depths than coal. From the economic point of view 
it is considered improbable that coal will be worked at a depth exceeding 
fWXWft 


(16) World’s Deepest Artesian Well ' 

—the one at Putnam Heignts, _ 6,oo4 ft.— 

Windham County, Connecticut, f i m. i f. 21 yds. 

y.S.A. * J * 

Note.— -It is 6 inches in diameter fand yields 2«gailon8 of water per 
minute* The water spouts 4 ft. above the suiface. 


(16) I*robably the Third Deepest Working Mine*) 

in the world— a vertical shaft in the Kolar [-6,380 ft 
Gold Fields, Mysore State, India j 

Notevr-^Tb^ fields extend over a range ;Of 40 mfles and the mines are 
woilf:ed ]qr decttidty supplied from the pott^-house at the famous Sivasa- 
Palls (400 ft hij^) of the Cauvery River, S3 mites away. These 
wUiMM supply nearly aU the gdd produced in India. The mtistence of gdd in 
d^lUi^kMi had long been known, and there are traces of tolerations in the 
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pttt ooadiicted on^crude methods, hfining was attcmtirtiBd in the le^a of 
71pa Sultan tmt without success. The finit riiaft was sunk near Ootgaum in 
1875, and since then the mines have been steadUr working and yieMing good 
pnAi; the total output of gold up to now being of the value of neariy 70 mfl< 
lion sterling. In an indined shaft in the (%ampion Reefs hUne in these 
fields a dep^ of a litija-over 7,000 ft. has been reached. 

( 17 ) Deepest Bori^ made in Europe— ) 7348 ft. 

the one at C^uchow, Silesia J 

Note.— A number of deep holes have been drilled in Europe for geologi* 
cal exploration or prospecting pSrposes, and also ffir observation of the in* 
crease of temperature in the deeper parts of the earth's crust 

The fdlowing are some of them 

At Buda Pesth, Hungary ••• ••• ••• 3f 160 ft 

N. B.— The temperature at the bottom is 81® C. (178® F.). 

, In Spain, the boring having been made for oil or 

natural gas ... ... ... 5385 ft 

At Schladenifach near Leipzig, Germany 5,735 ft 

At Leipzig ••• ••• ese ••• 6365 ft 

( 18 ) World’s Second Deepest Working Mins'! 

-the Village Deep Shaft in the famous 1 7 630 ft 

Rand Mines near Johannesburg, South- ' 
Africa 

Note.— So extensive are the operations in this deep mine that they of- 
ten cause rock-slips similar to light earthquakes and felt repeatedly in 
]ohannesbui:g. The temperature at the bottom is 36® C. (97® F.). Four tons 
of ice are used daily to make the lot of the miners at work bearable. In the 
mines of the Rand or Witwater’s Rand is found the greatest concentration 
of gold known. The total quantity of gold taken out of them up to the end 
of 1931 Is of the value of roughly 1 billion sterling. 

( 19 ) World’s Deepest Working Mine— the atwxf* 

. Morro Velho (jbld Mine near &bara him^wTds. 
in Minas Geraes State. Brazil J ' 

Note.— Th^ temperature at the bottom is over 49® C. (120® F.). The 
mine has been worked since 1725. Owing to its age» the production from 
it is decreasing. 

Most of«the world’s gold is now extracted by quartz (silica) mining, 
and the undertaking requires vast amounts of capital. Other important gold 
mines in the world besides those already named are the Boliden in Northern 
Sweden, one of the newest and probably richest; the mines in Northern 
Ontario and Quebec, Canada, which are new; the mines in Alaska, Califor- 
nia, Utah, Colorado and the Black Hills of South Dakota, all in U. S. A. ; Imd 
those in Russia and Siberia. The output of the Canadian mines is a little 
less than one-fourth that of the Rand, and in 1931 amounted to 2,693,892 
fine ounq^ valued at nearly Hi million sterling. The Californian field? 



since fchey started worit In i$A, about B70 mfflfOn steAlig 
In 11^1 they yielded half a mittion ooncea worth over i 
nitton sterling. The oatput in Russia In 1931 is estimated at 4boot a million 
mmoes worth over 4 miHion string. The world’s total output in 1931 was 
2t30D,000 ouncecbworth over 80 million sterling. 

(20) World's Deepest Boring ) idioao ft- 

J 1 m. 7 1 43 yds. 

Note.— This record depth, says Popular Science Monthly of DecK.«uber 
1931, has been reached in an Oil Well drilled near Seacliif in California. The 
shaft is officially known as 'C.C.M.O. Hobson Huge steel derridks, 
nearly 200 ft. high, were set up across the drilling platform, holding tremen^ 
dous loads of drill pipe and casing weighing upwards of 100 tons, •while 
.Diesel engines and electric motors turned rotary drills with marvellous speed 
and smoothness. Bits faced with the hardest steel rotated furiously and 
burrowed into the hard rock. Pumps exerting enormous pressures drove iir^ 
streams of liquid mud through 4 miles’ length bt pipe, qnd raised It to the 
surfece again along with abrarive cuttings, while its circulation in the inte- 
rior softened the walls of the hole. Circular rubber washers, moistened with 
water, spun round the revolving drill pipe, enabling the hole to maintain 
pftrfect verticality throughout. Hot formations in the interior were chilled 
by vast quantities of ice forced into the hole under pressure. When gas 
pressure falls, the oil is drawn from the depths by giant electric pumps of 
extraordinary lifting power. The new * super-well ’ tapers to a diameter of 
only 5 inches at the extreme bottom. Geologists predict that with modern 
technique and machinery it will be possible to dig still deeper into the ribs 
of Mother Earth ! 

At great depths the heat is extreme. In borings it has been found that 
the temperature rises about C. for every 100 ft. increase of depth. Subter- 
ranean temperatures, however, show variations at the same depths in diffe- 
rent localities. Thus a well drilled in one part of the Californian oil-fields 
diowed a temperature at 6,500 ft. of F. ( 99-55® C. ), very near the 
boiling point, but another recorded 206® F. ( 9^66® C. ) at a depth 0^7,800 ft. 
The% fluctuations, according to some geologists, are probably due to folds in 
the structure of rock in the interior which surface mapping i^oes not reveal. 

(21) Depth at which the temperature would 
reach about 1 , 620 “ C., a point sufficient 
to melt any conceivable rock 

Note.— This item is based upon Jeffreys’ estimate that the earth’s in* 
temal heat increases with depth at the rate of about 30“ C. per km. The 
mdting points of rocks vary, the highest being that of Ounite, viz., 1,500“' 
1,600“ C. Betides at least 12 metals ( which include platinum and uranium) 
tboe are two forms of silica, a few silicates, some of the hardest minerals 
and the artificial corundum or crystalline alumina which do qot fuse even 







100 ,1eqlbs 
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Note^-^^ce this temperature is reached, says Jeffreys, a uniform 
heat is maintained in the earth’s lower depths. The inference»is that 3,000° C. 
would be the^ghest temperature occurring anywhere in the earth’s interior. 
This is a temperature which, it may be of interest to note, is more than suffi- 
^dent to mdt ail known substances with but two exceptions, viz., the r^e 
metals rhenium and tungsten. Rhenium or Dvi-manganese is an element 
1 ^ which only spectra have been ^tained, and it is said to exist in infinitesi- 
mal quantities in manganese salts. Its melting point is given as 3,150° C 
Tungsten, the metal used in filaments of electric light bulbs, is derived 
iphiefiy from the compound wolfram, a tungstate of iron and manganese, and 
In smaller quantities from scheelite or caldum tungstate. It is the most 
refractory substance known, and under standard conditions melts at 3381° C. 

The highest temperature yet attained artificially is 3,600° C., which was 
recently reached in sfii experimental electric furnace called the inductor or 
high-frequency furnace invented by Dr. R F. Northrup of Princeton, U.SJ1. 
In this furnace graphite, familiarly known as blacklead, the mineral used in 
making pendls, has been turned into vapour ! 


(22) D^h at which the Earth's internal') 
heat would reach 3.000* C. V 


(23) 


Distance from the surface of the Crust 
to the Earth’s Centre 


3,963*5 miles 


Note.— One may wonder what the pressure may be at the centre of 
the earth. The pressure below the surface of the crust naturally increases 
with depth, and at the earth’s centre, according to Dr. Abbot, Director of 
the Smithsonian Astropbysical Observatory at Mt. Wilson, U. S. A.,^is some- 
thing like 50 million lbs. ( about 22,320 tons ) per square inch, which is 
equivalent to 3,400,000 atmospheres I 

(24) Distance from the Earth's surface to 1 4,022 miles 
the extreme bottom of its Central Core j approximately 

Note.—The central core is believed to be composed of super-heated 
metallic iron or nickel-iron aUoy. Jeffreys remarks that evidence has shown 
that its radius ishrather more than half of the earth as a whole.’ Another 
authority considers that the core is 3,500 km. (2,187*5 miles) thick, as will be 
seen presently. 

Some geologists classify the earth’s crust into Sedimentary Layer, 
Granitic Layer, Tachylyte Layer and Dunite Layer, according apparently to 
the regions or depths where the corresponding rocks were originally formed. 
They also give their estimates of the probable thickness of each layer and 
of the central core, along with their relative densities. The thickness 2 gid 
densities of the different layers and the core, along a radius drawn from a 
Jtypical pdnt on the surface of a continent^ are given in the Entyd. Brit., 
as follQws 
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Thldmesain 

'kilometres 

Denrity 

jSSiUo^taiy Layer 

0^ (?) 

2-2-7 

.ifhiufitie Layer 

10 

2-7 

Thdiylyte or DIorite Layer 

20 

2-9 

Umfite Shell (possibly with Edoffite 
near the top) . 

2,900 

h-3 (top) 

liquid Iron Con (aa the Btuyd. re- 
fers to the Central Core) 

3,500 

5-0 (bottom) 

11-12 


6,435 kin.<o^022 miles. 

Jdlr^ and other authorities often refer to the first two layers as thcf Upper 
Layer or Layers and to the third as the Intermediate Layer. The fourth 
layer, as to the composition of which there is difference of opinion, is vari- 
pudy described as the Dunite Layer, or Peridotite Layer or Edogite LaydtC 
The tlfickness of the core is roughly calculated on the i)psis that seismologi* 
dll observations have revealed that its radius is about 0*55 per cent of the 
outer radius. Gemnetrically described, it would be an eccentric sphere within, 
our globe. 

Conchiding Remarks 

llie probable condition of the earth’s interior has from time to 
time been closely investigated by geologists, physicists, mathemati' 
dans find astronomers from their respective view-points, but no 
.definite condnsions which can meet all objections appear to have 
been reached yet. ‘The problem of the physics of the earth’s inter- 
im:’, remarks Jeffrejrs, *is to make physical inferences only for a 
range of 2 kilometres at the ontsidg.’ 

• e 

In the earliest life of the earth when it was very hot and entirely 
fink}, the materials of which it was composed, viz., iron and sili- 
cates, would not mix bat would sei^te and set&e according to 
tiidr rdative densities, so that the denser constitnents would sink 
towards the centre, leaving the lighter ones outside, t.e.} above. In 
coolii^ and hardening, the earliest formed portions of the crust 
would iiatotally descend^ until they readied a stratum having a 
density equal jto their own, and this process went on repeating itself 
Mtil the layers of lighter materials solidified and hardened. 

The main difference of view among gedpgists is regardi^ thq 
physical state of tbrlast layer of rock a°4 of the central oore.:. It 




will have Ixen lioticsed from Itein 22 that at a depth of 621 aoiii^ tiiie 
internal heat is 5,000** C., far above the melting point of any 
conceivable rock. Once this temperature is reached in the eartfa^’s 
interior, explains Jeffireys, a uniform heat is maintained, in its lower 
depths as w^en a temperature is attained which is sufficient to fuse 
all substances, a general equilibrium is brought about. In his view, 
,,^low a depth 250 miles, the strength of the crust would probably 
be absent after the transition of the last layer of rock from a state 
of firmness and strength to dbe of gradually increasing liquidity. 
These tiwsitional stages would thus include those of flexibility or 
plasticl^ and then of viscosity. One of the arguments advanced by 
those geologists who are in ffivour of the theory that the rock mate* 
rial after a certain depth must be existing in a liquid state, is that 
volcanoes erupting torrents of lava most be supplied from an im* 
mense molten nucleus or magmatic reservoir. In their view, again, 
the existence (rf only a thin and somewhat flexible crust would satis- 
factorily account for the earthquake shocks which sometimes affect ^ 
lai^e areas of the globe. 

According to other authorities, the melting point o| rock is not 
reached until after a depth of 375 miles. The melting: ^int of 
Dunite, a rock believed to be present IdM in the core of tbe crust, 
being 1,500** C-1,600** C. and of pore ir® 1,535** C., they infer that 
the temperature of the material of the central core may be lower by 
some hundreds of degrees owing to the presence of impurities. They 
do not conceive of a temperature exceeding the melting point of rock 
existing anywhere in the interior. On the contrary, their conclusions 
would point to a diminution of heat after the last layer. Again, they 
contend that pressure would raise the melting point of rock but 
would lower, at Inast at low pressures, that cS iron. Accordingly 
they expect that the central core would be more fusible than 
the surrounding rock, and if the latter is near its melting point, 
the iron must Im liquid. They state further that seismological evid- 
ence proves the solidity of the earth to nearly 2,930 km. (—1,830 
miles), the depth at which the last layer o^ rock ends. In other 
words, all the rook material of the earth must, for the reasons, 
mentioned, be existing in a solid state. These inferences are said to 
apply mainly to conditions below the land surface. The tempera- 
ture at any ^epth in the crust is made up of two parts* one arising 



heat and the bthw doe to that deiyeioped by la^ 
activSl since the solidification, and as ladio-activity below the see^ 
ihttst be less, the cooling at great snboceaiuc depths may be up to 30 
par cent or higher. 

The theory of solidity dP the rock materia](~ thronghout 
would not preclude a satisfactory explanation as to the source of the 
vast quantities of lava ejected by volcanoes, as there may be com- ' 
paratively small accumulations of mdten rock here and there, or 
what is even more probable, some temporary relief of pressure may 
lower the melting point and allow the rock to liquefy. 

A 

Yet another theory about the physical state of the earth’s interior 
is that except for loca Ivesicular spaces or cavities our globe is practi- 
cally solid and rigid to the centre. Some scientists consider that the 
interior is gaseous, others that the substmtum is* probably very hot 
and dense and, though subjected to great pressures, cannot be des- 
cribed as either solid or liquid or gaseous in the popular acteptation 
> of these terms, but that if it is liquid or gaseous, the material is so 
confined and compressed that it acts very much like a solid. 

According to Professor H. H. Sheldom of Newport University, 
if the earth’s interior were a freely flowing liquid, a temperature 
throughout of 3,000" C. would probably be present Conversely, 
therefore, if so high a temperature exists below a depth of 62} miles, 
ft would probably be sufficient to reduce the interior gradually, some- 
where below that level, to the state of a freely flowing liquid. 
But whatever be the temperature in the interior, be concludes, 
experiment shows as a fact ^t the elasticity of the material 
in the depths oi the earth would bb about that of rigid steel, 
tmd owiig to the enormous pressure and density it probably behaves 
much like a solid. The majority of ^logists now consider, on 
r^^rsical and astronomical grounds, that the earth’s central core is 
ecdid, so that the old theory that it must be a ‘Sea of Liquid Fire’ 
has now few supportors. 

Earthquakes are aptly described as convulsions of Nature. 
They sae manifestatioi&of the same underground forces as originate 
•volcanoes, and are generally most comnam and sevorest in volcanic 
areas. They <tften precede or accompany violent volcanio outbursts. 
It is now b^ved by geophysicists thed earthquakes are due to the 
slif^kig or fracture of apart of 'tbs earth’s dmi^ wfaldi' has 



been sabjeoted by slow earth movemratts to aa oodoe stcairu; This 
4few is largely based on their occartenoe alooig coasts, mepntain 
ranges and generally in areas where the warping of the crust is 
greatest Strong vibrations are set np at the fractored snrhice at 
the time of the fracture, and these travel through the elastic solkl 
material of me earth as longitudinal and transversal waves having 
, velocities of 7 km. and 4 km. respectively per secmid. An 
earthquake sends out also a third class of waves over the earth’s 
surface known as Rayleigh witves whose speed is 3 km. a second. 
The region on the earth’s surface which is immediately above the 
eartisihake origin or focus and to which the shock is delivered 
verfically upwards is known as the e^central tract. These three 
types of waves sent out by the earthquake are recorded at the seis- 
mological observatories all pver the world by a class of instruments 
known as seismographs. Modem seismographs are so sensitive 
that they are capable of recording these waves even if the earthquake 
occurs at the antipodes. For instance, the shock of the earthquake 
which occurred in Chile, South America, on 2nd December 1928,* 
and of theone in Mexico on 3rd June 1932, caused violent oscillations 
in the seismographs at the Colaba Observatory, Bombay, which is 
situated very near the antipodes of the epicentre. Owing to the 
different velocities of the three waves they arrive at a station at 
different times, and by noting this difference in the time of their arrival, 
seismologists calculate the distance of the epicentre. By a system 
of triangulation between three or more seismological observatories 
the exact position of the epicentre is determined and broadcast to the 
public long before information arrives from the place or places 
seriously affected by the earthquake. It may be emphasized that 
the surface waves are considerably more violent than the other two 
waves which trdvel through the interior of the earth’s crust. The 
destruction of buildings and bridges and sometimes of whole villages 
or towns caused by earthquakes is due mainly to^the surface waves. 

There are definite regions on the earth which are frequently 
liable to earthquake shocks, and there are ^so areas which are more 
or less exempt from them. The former regions constitute d^nite 
belts over the earth and are known as earthquake zones. Geologists 
tiesoibe such at^ as fault-lines. For example, the Khasia Hills 
m Assam, the ranges in the north-west of India and the 



near the Andaman Islands are well-known 
eartfaqqake zones. It has been found that snbmarine earthQuakee 
set the ocean waters in motion and give rise to great water waves* 
These waves occasionally travel from one side of the ocean to 
the other. (Vide description of the Krakatoa eruption in 1883 under 
Chapter IV ). * 

Dr. G. W. Walker, Director of Eskdalemuir Observatory in 
Scotland, in 1921 made the startling suggestion that the depth of the 
earthquake focus is of the order of ond-fifth of the earth’s radius or 
about 1,250 km. The late Professor H. H. Turner of the University 
Observatory at Oxford estimated the depths of the focus of some 
earthquakes to be of the order of 300 miles. Dr. S. K, Banerji, 
Director of the Colaba and Aiibag Observatories, in a paper 
published in the Philosoi^hical Magazine^ Vol. XLIX, January 1925, 
questions Turner’s estimate and by an analysis of recorded results 
concludes that the maximum depth must be less than 200 km. but 
^may be anything in the neighbourhood of 100 km. Subsequent 
writings of Dr. Jeffreys, Dr. C. G. Knot and others generally 
confirm the results obtained by Banerji. It is now generally 
accepted that the earthquake focus normally lies between the 
surface of the crust and a depth of 100 km. 

Many observers have recorded a curious sound at the occurrence 
of an e^lrthquake. In the neighbourhood of the epicentral tract the 
earth’s crust abruptly undergoes violent changes owing to the 
passage the surface waves. These have been found to give rise 
to vibrations in the air resembling a rumbling sound like that of 
distant thunder. c 

As a rule, the more intense the shock, the larger is the area 
affected by an earthquake. An earthquake which oqpurred in Chile, 
South America, in 1835 was felt over an area estimated at 600,000 
sq. miles. Earthq^es are sometimes so severe as to cause huge 
loss of life apart fr& the havoc to property. At a severe earthquake 
in 1905 in the Kangra District of the Punjab no fewer than 20,000 
persons perished. The geological effects of earthquakes are chiefly 
the local elevation and depression of land, and the opening of rents 
in the ground. In the earthquake of 1822 in Chile the ooasMine 
VW raised about 4 feet In India an earthquake which occurre(t^ 
in the in the State of Cutcb depressed a large ^ea all at 



onqs betoiv sea lev^ At tto earthquake ia New Zealand hi 1855 
an area of about 5f000 sq. miles was elevated about 9 feely and a 
orack, 6 to 9 feet wide, formed along the margin of the raised ground 
for a distance exceeding 90 miles. 

Weird sj^bterranean sounds not connected witii the earthquake 
are sometimes produced by other agencies. In the Chilean Andes 
a hollow sound booms at times from Mt. £1 Bromados, which is 
consequently known as the ‘moaning mountain’. There is a 
remarkable mountain in NevaUa, U. S. A., which gives out sounds 
'res^bling at first the jingling of bells and endii^ with a deep 
organdike swell*. Mt. Cross Fell, a peak which borders West- 
morland and four other counties of England, is given to howling so 
dismally that for a long time the inhabitants of the surroundii^ 
districts looked upon it .with superstitious dread. Sometimes 
during a strong gafe it sends forth 'an awe-inspiring scream’ audible 
for miles around. Such sounds are either of volcanic migin or due 
to the crust movement produced in particular kinds of soil by the 
sudden loss of heat on account of intense radiation during exceptional-* 
ly clear nights.. Particular soils may give rise to particular sounds. 

A curious effect of subterranean disturbances on the waters of a 
lake was reported in the Press by a correspondent from Naples on 
9th November 1931. In Lake *Carpena, 30 miles away frpm the 
famous volcano of Vesuvius, the water was found to sink several 
times daily, leaving the bed exposed, and then with underground 
rumblings and local earth tremors, gush up rapidly, boiling-hot, to 
its original leveL The return of the water was at all times 
preceded by a dense fog which lifted as soon as the lake became full 
again. 

Those who ]^old that the earth’s deeper interior consists of molten 
material call the solid outer crust the Lithosphere. The earth’s 
oceanic area is the Hydrosphere, its ^eons envelope the 

Atmosphere,* and the mass of living oi^anisms oh*the earth is some- 
times termed the Biosphere. 

What may be the weight of the load which, in Hindu mythology, 
MahSpadma and other elephants are said to sustain, or which, 
according to Lamaistic belief, is borne on its back by a gigantic fro^ ? 
Science already answered the question, for the earth has been 
‘ put into the scEtlos ’ I Its mass was ascertained by comparing the 



is woNDiRfin. 

atliiigat qI its g^vitational pidl on a siitall 8|diere at its sorfiioe tHth 
atteaction exerted on this body by a big sfdiere whose mass was 
known. The force of attraction is in accordance with the law of 
gravity, which is that the pall on a small body is {uroportional to tim 
mass of the attracting body divided by the square of^,the latter's 
radios, this radios denoting the distance of its centre. From the 
amoonts oi the forces produced and the dismnoes, the ratio of the 
masses was obtained. In this way Professor C. V. Boys, a British 
scientist, got the necessary data and aimounced some years ago the 
weight of the earth as 5-885 sextillion tons. The German scientist. 
Dr. Braon, working independently, arrived at very nearly the- same 
result These values are a little lower than that declared more 
recfflutiy by Dr. Paul Heyl of the American Bureau of Standards, 
an institution which seeks the greatest possible accuracy. By working 
in an underground chamber where be could more effectively shut 
out street noises and other disturbances — for the slightest vibrations 
inrodiiced by passing vehicles would seriously interfere with the 
'proper workii^ of the highly delicate and sensitive instruments used 
for the purpose — Heyl has worked out the weight of our globe as 6-593 
fa^T tilliftn tons. Only about 12 per cent higher than the British 
Profes^r’s estimate. Among other authorities Dr. Baker, Professor 
of Astronomy at Illinois Universit})^, accepts the higher value. 

One may wonder to what use a knowledge of the earth’s weight 
can be put The astronomer would answer that it furnishes the 
sta rtin g point from which to calculate the weights of heavenly bodies. 



CHAPTER H 

The Hydrosphere or Ocean 

• 

Thou gHorious mirror, where th’ Almighty’s form 
Glasses itself in tempests ; in all time, 

Calm or convulsed — ^in breeze, or gale, or storm. 

Icing the pole, or in ^e torrid clime 
Dark-heaving boundless, endless, and sublime-** 

The Image of Eternity— the throne 
Of the Invisible ; even from out thy slime 
The monsters of the deep are made : each zone 
Obeys thee : thou goeat forth, dread, fathomless, alone. 

— Byroi* 

* 

It will have been noticed from the preceding clmpter 
that the ‘Fires of Hell’ are present within our Earth itself, 
whether its core be solid or liquid. We now turn our 
attention to the earth’s enormous body of water, its liquid 
envelope. But before starting our investigation of the 
ocean’s interior, let us see if there are any phenomena 
above its surface which merit notice. 


( 1 ) 


Height which a Sea Fog has been 
found to reach 


) About 2,500 ft. 

J {NegrettiAZmara) 


Not*.— Sometimes the fog appears to massed fetches restii« 
the sea and resembling distant land, but vanishing as it is approach t is 
then called a Fog Bank. Fog Banks are sometimes arranged in a arculat 
form and ar« then caUed Fog Kngs.. They are often seen ofi 
Newfoundland. Long dreaded by mariners, they are now feared by trans- 
oceanic aviators. 


(2) Usual Height of a Sea Fog 

Height of a Waterspout 

Note.— A waterspout is a remarkable phenomenon of the nattro 
of a tornado or whirlwind, witnessed freqflently oaly in larts o t e 
tropical seas when the sky is overcast with massive clouds and the 
atmosphere is tense with electrical energy. Its occurrence is due to 
* a meeting of opposite winds of different temperatures ® upP®r 
gir, whe»ibya large quantity of vapour is condensed into a dense 


About 700ft. ^ ^ 

(NegretH A Zmbra) 

200-350 ft.- ^ 
(NegreUi A Zamora} 
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in a dark oolamn resanUing the trank cS 
an e^ihant, moves along, sametimas in a straight and vertkal, at 
tunes in an inclined and tortnons direction. This motion results 
in the formation of a huge {nnnel which, coming down near 
tiie sea surhu^ violently agitates .the water and sacks it up, 
sometimes in large quantity. The entire column-^metimes 
several at a time each 20 to 30 ft. in diameter — ^then seems to extend 
hr(»n the sea to the clouds, taking a magnificent form oi a light 
colour near its axis, but dark al<%ig the sides, and moving 
along in rapid gyration. When acted on by the wind, the oolamn 
assumes a slanting position, but in calm weather it remains vertical 
while continuing its motion. Sometimes the upper and lower parts 
move with different velocities and break away from each other with 
a kmd repmrt. The whole of the vapour is at length absorbed in 
the air, or it comes down in a heavy shower of rain. 

The extraordinary phenomenon of six waterspouts operating in 
drcular formation has once been observed daring a storm in the 
Sola Archipel^o, between Sandakan, British North Bornec^ and 
Sitangkai. In the Atlantic, west of Africa, spouts sometimes appear 
in the months of June and December in large numbers, like forests 
oi trees planted in the ocean. 

The waterspout, in ancient times, was variously accounted for. 
Primitive races imagined it to be a gigantic sea-monster marching 
across the ocean. The Japanese believed it to be a dragon with a 
kmg tail. Among the Chinese it was a dragon coming down from 
the riiy to drink water. The Hindus believed it to be Airavata, 
the elephant of the storm-god India, alighting on the sea to slake 
its thirst. The Mahomedans believed it to be a huge demon 
rising from the sea like a black pillar and going up into the sky. 

A writer in Star expresses the view, which he sa 3 rs is based on 
dose and repeated observations made by him of this phenometm in 
its varicms stages, that none of the water content of a spout is 
obtained by suction from the sea. When what aviators call an 'air 
pocket’ is not filled ap«slowly to the level of the surrounding 
atmosphere, it assumes under certain conditions a drcular motion 
jas^ this centripetal movement, should there be any dense superim- 
posed douds ui the vidnity, sucks up from ffiem the water-vapous. 
’viriuch condenses on the trail of the cone down to the apmc in a swkl 



and dins tends to tlie tnrmation of a watetspoat. In sa|q)ort of 
his theory the writer states that the water in a spout has always 
been found to be fresh. 

Waterspouts are not confined to tfie seas alone. They occur on land 
too, but th% land phenomena are usually called cloudbursts or torna- 
does. Some tornadoes are dry whirlwind hurricanes, though in appea- 
rance and action they do not differ from cloudbursts. In 1930 an unusu- 
ally violent tornado swept over Nebraska, U. S. A. After a furious 
rotation down from the clouds its black twisting funnel rushed to 
the ^rth, struck a pond and, according to the report, sucked it dry! 
This* incident affords strong grounds for the belief that, as on land, 
so at sea the spout must derive its water content by absorption from 
the body of water below. But if the Star correspondent’s assertion 
that the water in^a spout* is always fresh is correct, it can only 
mean that a spout acts differently at sea. Meteorologists can no 
doubt throw light on this point. 

A huge waterspout was witnessed on the great river Brahmaputra 
• at Mymensingh (Bengal) on 19th September 1931. It was described 
as an unprecedented phenomenon in India. It occurred iu the 
morning when the spout was seen suddenly to raise itself out of a 
depression which formed in the centre of the river. A mighty 
column of water soared into the sky and after keeping hundreds of 
people awe-stricken for about 20 minutes, the spout collapsed with 
a roar, breaking into two parts and falling in twin cascades of water. 
A boat which happened to be in the vicinity narrowly escaped being 

engulfed as the water descended to the river. 

% • 

( 4 )* Usual Height above water ) loo metres = 328 ft. 

of the hignest of Icebergs j ( Entyci. Br., 1929 ) 

Note.— Thl land in polar regions is buried under an enonnous ice- 
sheet, which is continually moving seaward from the central ice plateaux 
and frequent^ comes to the sea before reaching a temperatiu:e sufficient to 
melt it Mi^ty fragments of ice thus become detached from the edge of 
the main sheet and float away as iabergs. They assume an endless variety 
of shape, often irregular and fantastic Icebeijcs exceeding 100 metres in ' 
height are extremely rare. The largest bergs in the northern seas are some- 
times 2 miles long and about a mile in breadth. Hundreds of such a sise have 
once been counted as they drifted along between Lat. 60^ and 70® N. An 
tmusoafly hoge iceberg, 2*5 miles long, 2*2 miles broad and 1&3 ft high, has 
once been observed in this region, and its weight was estimated at Shout s 



laffikA; a Ii«U totfa Of aU forms of lee la the smi, the iodietg is the meet 
^ietiliiadar ami at the saiae time most dmigeioim to dtipplng. 

(5) Height to which Billows dj^h-Y 

ing against a cliff have been Over 300 ft. 
found to hurl up sheets of ’ {Etuyd.Br.,i889) 
water and foam at a gale j 0 

Note.— At Dunnet Head (Scotland), during north^westeriy gales, the 
window*panes of the lighthouse which stands more than 300 ft. above the 
high-water mark are sometimes broken by stones swept up the cliffs by the 
billows, and the building is then deluged Jby sheets of water rushing in 
through the windows. 


(6) Height to which Billows dashO 
ing against a cliff have been' 
found to throw up sheets of 
water and foam when no wind 
is blowing ^ 


Nearly 200 ft. 
iEncycl.Br.,1889) 


Note.— This occurs on rare occasions on the northefn coast of Scotland. 


(7) Height which Waves have ) 

been found to reach in abnor- V Over to ft. 
mal weather J 

Note.— Waves have been seen on one occasion which reached this 
height in the North Atlantic during a prolonged storm. On 29th December 
1022 the wind in this region attained and kept up for a considerable time a 
hurricane velocity computed to have been 75 miles or more an hour. Obser- 
vations showed that the waves then reached a height of upwards of 70 ft 
from trot^h to crest It has been found that the height of waves in the 
open sea varies directly with the velocity of the wind. On only one occasiott 
in the world’s known history has even this height been exceeded. ( See 
the description of the eruption of Krakatoa under Chapter IV ). 


(8) Depth to which the thickest of 1 
Ice-Floes may be undeir water J 


About 14 ft. 


Note.— Ice in the frigid zones occurs in a variety of forms. Ayios is a 
low fiat mass of drifting ice of considerable size, but with viable limits. 
Whentihesheetof iceis solarge that itsextent is not ^scemibie from the mast- 
head of a ship^ it is called an ke-fML Oftentimes huge masses of drifting 
ice are packed together in large numbers and form what is called poi^-kt* 
As in the case of an ice-field, its limits cannot be seen. Ice-packs occur in 
two fonns— *open’ and ‘dose’. When the assembled masses of ice, thoi^ 
floating very dose to one an<^er, do not touch, the pack Is said to be ‘open^ 
when they^are in actual contact, it issaid to be ’dose’. Pack-ice covers nearly 
2 million square miles and constitutes about 70 per cent of the Polar Basin* , 
^•fioes and ice-fields usually become coveted with snow to a depth which/ 
down thdr surfaces to the levd of the sea.^ The greatest thidenesh 
ftiadiiiid by them is about 14 ft. When ths cold Is extreme# floes undergo 



ocMtne^ la pcoo^ ap with a leodio^ 

eraah fcncnni aa the iet-fuake. Sometimea ptea su re due to Grinds and 
cumaita ra^ tidgea upon an ice-field, wUdi may attain a Imight of as 
much aa 90 ft. above the sea levd. These lofty idles ate called hummocks. 
Along the ahotea in the Aictic regions runs a fringe of ice. This is wi«fd 
an ks-bdt. Amather form in udiich ice appean in the frigid aones is the 
ictberg, thoulh bergs sometimes drift along towards the equator to latftii«i^»s 
as low as 40^ N. or S. 

A curious idienomenon due to the eristenee of ice-fields in the iWa r 
seas is the ko-Nhtk. It is a bright yellowish-white streak observed on the 
horizon owing to reflection of light from the snow-covered surfam of the ice 
and is seen before the icy mass itself becomes visiUe. As the poet, James 
MorUgomery, describes it 

‘O'er rodcs, seas, islands, promontories qiread. 

The Ice-Blink rears its unanlating head, 

(hi which the sun, beyond th’ horizon shrined. 

Hath le|t his ricb^ garniture behind.* 

(9) Depths at which under-water operations 
in the majority of Harbour, Dcick, Quay 
and Bridge Works are carried out 

Note.— 'The divers go down in a caisson or in a diving suit. A caisam 
is a strong water-tight case employed in building the foundations ai piers 
and bridges under water. A diving suit is a waterproof costume of strong 
material wwn by a diver when descending into and woiking under water. It 
has a metal helmet provided with strong glass eyes. The diver goes down 
with heavy leaden weights fastened to his sides and his shoes also weighted, 
so that he may descend and move about bdow with perfect ease. In both 
contrivances air is sunplied through a fleziUe tube connecting the caisson 
or the head-piece with air-pumping apparatus above; Caisson workers and 
divers diving dress are liable to be affected by mmrbid changes known 
as rafaann rfjiijyA as an iudbect result of exposure to abnormal pressures 
under water. The Umii of d^th to^which the caisson can be utilized is 
about l(K) ft, and the men work only two hours a day, even this short 
period being divided into two one-hour shifts with an interval of four hours 
% between. • ^ 

(10) Depths at which Pearl Divers work ... 24-120 ft. 

Note.^Feari oysters live at these depths, though they are mostly col- 
lected at 42-48 ft In Arabia the divers go down 90 ft to cdlect them, while 
peari-fisheries in Australia are usually carried out at a depth of about 120 ft 

(11) Record Depth to which a Sda-bird has 
been found to dive in search or pursuit 
of prey 

. Note.— It ia the mrmorant (sea-raven or sea-crow); a large, natatorial 
veb-footad bird rim pelican family, tile largest measuring about 33 inches 

5 . 



1 40-80 ft. 
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sooM^es on trees. It devours fish witt sudb voracity that it has com 
be iagarded as the emblem of gtottony. When it idgbts prey, it vigonnuly 
piiraiies it by swimming and diving, descending often to a remiukable d^ith. 
A cormorant has been caught in a crab*pot fastened 120 ft under water! 
At the base of the lower mandiUe it has a diatensilde appendage of naked 
akin which s^es as a sac for temporary storage of its capture^ and on ris* 
ing to the surface it swallows them. When it has fed its^ to excess or the 
tide is not favourable for fishing, it rests on an elevated perch, often with 
the wings outstretched, and remains motionless in this posture for a conaide- 
taUe time. A species of this tdxd is trainedhby the Chinese who find it very 
useful in fishing. A strap is tied round its ne<^ so that, while it can breathe 
without difficulty, it cannot swallow its catches ! It is then thrown off into 
water. It dives immediately and darts swiftly along the bed in quest of prey. 
So great is its activity under water that in a shallow river not a single 
fi^ can escape capture except by concealing itself under a rock or in the 
mud stirred up by the bird in its rapid movements. 

Exactly si milar in its habits is the pelican, a water-fowl laiger than the 
swan, with an enormous bill, an expansible gular pouch and a great extent of 
wing. Like the cmnorant It Is an excellent swimmer and diver and catches 
fish with wonderful adroitness. It is to a large extent gregarious and fre- 
quents the sea-coast and the shallow borders of lakes and rivers where fishes 
are abundant, as it requires huge quantities of them for its sustenance. 
Inindiattmaybeseeninflocksonthebanksof many rivers. In the Province 
of Sindh the pelican is sometimes used for capturing fish from the Indus 
river. The Sindhis put a ring round its nedc to prevent it from swallowing 
its captures. 

(12) ’Maximum Depth at which work is done) 

by Sponge Divers in the Mediterranean Sea j / 

Note. — Sponges are a class of marine animals with a fibrous 
finunework, soft, light and poroosi jvhich is remarkable for its com* 
pressibility and power of sacking op water. They are fonnd -fixed to 
tpidcs,<n:m themad,or upon sea-weeds or on the bodies of other sea 
Bnino^s* 

The pressore in the ocean increases with the depth. Asadivardes* 
deeper and deeper, his ears ring with strange noiseaand he feels 
a crashing wdght pressing on his bead and chest Pearl and sponga 
^versmakea short stay, at the bottom and thos generally avdd 
pressor^tronbles. The effect of preswre in the interior of fiie sea 
is'basily tested. If we take an mnpty bottle cork it, attach a weight 
to it and let it down by a line into die sea depths, we shall find On 
piilliwg it np that the cork is driven into the bottb and dw botde* 



IHIiS iratw./ if im repeat tiw experimeot with a hollow ghu» 
fjoli, ^flier tlw hall will be crashed or tte'pressore will fnrce water 
into it diroogh microscopic holes in the glass. 

The {Hressore exerted at any given depth in the sea is worked 
bat by a simple calculation. At sea level the air pressnre is about 
14*7 lbs. to the square inch, and this unit is called / attnoathere. 
The rate of increase of pressure in the ocean is 1 atmosi^iere f<Mr 
every 33} ft of depth. Thus the pressure at 33} ft will be 
2 atmoapherest at 67 ft 3 alAtoapherea, and so on. At 150 ft the 
pressure will thus be nearly 5} atmospheres. The common method 
of Calcalating the pressnre at great depths is first to multiply the 
value of the depth in terms of a mile by the average density of . 
sea^water, which is about 1*035. The product represents the appro- 
ximate pressure in tons. . 

Until a few yeaxs ago a diver could go down in the ordinary 
diving suit to only about r20 ft He had to descend slowly so as to 
take not less than a minute and a half to reach this depth, and he 
could work under the sea for nearly an hour. It may be explained 
that the increased air pressnre to which a diver is subjected as he 
goes down is immediately transmitted to all the internal parts of his 
body. Of the air which he breathes, the oxygen is consumed by the 
tissues, and his act of breathing prevents any increase in the pressnre 
exmtod by the carbonic add gas, but at considerable depths an 
abnormal amount of nitrogen is forced into his blood. A diver using 
the old apparatus had to ascend by sbw stages, taking an hour and 
a half to reach the surfiuse so as to allow the escape of the excess 
of nitrogen from his blood. A too rapid ascent would cause the 
nitrogen to form small bobbles and produce compressed>air illness 
such as paralysis of the legs, violent pain in the joints and muscles, 
vomiting, fain tin g and sometimes even death. It is now possible 
for a diver using the old diving suit to avoid the long ascent 
means of a specially devised apparatus. This is a sobmersitde 
decompression chamber, which is sent down by a crane fipom the 
diving ship, with an attendant, a supply <4 oxygen bottles, tea and 
coflhein thermosflasks and otiier necessities within it, to meet the 
diver below. The bottom of the chamber is opened and the waftr 
kept out by pressure^ The diver enters this chamber from beneath, 

the ty^Kdoor is closed. The {nwssuie inside is the same as 



te bent wvkiQK. The densber is tfa«i haiidad 
ofi a^ pbc^ on board the shipi vhidi retoms to the lurbcnir. 
Hiie diver remains in the chamber throoghont, and the pressure 
inside is steadily lowered until it beocnnes equal to the pressure 
ol toe air outside. The top is then opened, and the divor uid 
the attendant come out The whole process of decomptessioo and 
return to normal pressure takes half an hour or less. 


There is, besides, another important and useful invention whidt 
now ccnnes to toe diver’s aid. It is toe 'recompression chamber* 
or 'diver’s hospital’, and is kept on the deck of the ship. If by 
any miscalculation of incessure, the diver is allowed to step out jnto 
■ the air bdore he is fully ‘decompressed’, he is instantly seized with 
severe pain. In such cases he is immediately placed in the tecomp- 
ression chamber, toe pressure is brought pp to the point at which 
he was working under water, and ‘.he is subjected to gradual 
decompression. 

It has been found fr(»n experiments that helintp gas prevents 
caisson disease in divers owing to its low solubility in the fluids of toe 
body. In U. S. A., which owns fields of natural helium gas and 
asnmands practkhily the world’s entire supply, a mixture of oxygen 
and helium is nowadays used in deep diving and caisson operations 
instead of (ur. 

Tbe'world’s record for the longest period spttot by a diver conti* 
nnonsly under water appears to be 5 hours, 40 tainutes. Attempto 
axe in progress in Portland, West Bay, U. S. A., towards salving 
toe sunken Submarine Boat 'M2’ which lies at a depth of 100 ft 
Expert deep-sea divers of the Aifierican Navy have s^nt t total 
number of 247 diving hours between Sth March and 30to M^ 1032 
in these efforts, and one of them established the above aatoniahify 
tecord. 

Italy possesses the biggest Divers’ School in the world. It is 
ritoaM ^ Spezia, her naval base. The final examination omsists 
M tests of the diver’s ability to work for two hours at a depth of 125 ft 
in a toiving suit weigl^ng 165 lbs. and lead-soled boots eaito 
w^dung 15 lbs. The Italian divmr carries a wei^t of 38 lbs. on 

back and another on his chest At the school he is tau^t^to 
work wito under-water tools and receives instruction in toe toriUta^ 
feat <rf fi|d>tioff sbaitos and huge octopnsM with no otowr wh^^ 



than a knife. A with sncb feroc&xis udmals at a depth of 125 
ft. calls fof consideiaWe skill, as the diver’s arms are greatly hampe- 
red by a pressure of nearly 5 atmosphers, while his foes, being in 
their natural element, are able to move adroitly and swiftly. 

(13) Greatest I^th at which work has been ) 
dOTie by Divers descending in diving dress ) ^ 
Note.— This work was accomplished at the salvage of the American 
Submarine * F 4 * sunk off Honolulu, llie equipment used by the divers 
was the British Admiralty Decompression System. The pressure at the 
bottom here would be 9 atmospheres. 


A flexible and more comfortable dress, which is at the same hW 
safer from the point of view of the diver’s health, is that invented many 
years ^6 by the German engineers, Neufeldt and Kuhnke. It is made of 
cast steel cylinders. It permits the diver to explore the ocean freely up to 
a depth of 240 ft. This dress was used by a diver who worked at this depth 
on the wreck of the Belgian steamer * Elizabethville ’ sunk in 1917 off 
BeUe Ide. 


(14) Depths at which Reef-building Coral Polyps 
and Nullippres ordinarily flourish 


25-300 ft 


Note.---Coral is composed of the hard calcareous skeletons or frame- 
work of various marine organisms called zoophytes. Coral structures are 
sometimes found at very great depths. In such cases' the sea-bed must 
have been grfulually sinking, while the coral polyp, operating near the sur- 
face, built the bank higher and higher as the bed sank. In other casesr 
these formations proifct well above the surface owing to the slow rise of 
the sea-bed. The mpst precious coral beds are found in abundance in 
shallower waters, f.€., at depths of 25 to 50 ft. Coral structures sometimes, 
as in thb Pacific and southern parts of the Indian Ocean, grow up to exten- 
sive i^sefs stretching, along the coasts. 

Bolides the coral polyps the most important reef-builders are the nul- 
liporea» a*kind of sea-weed having the appearance of coral. Of these two 
dasses of reef-builders, the corals thrive up to a depth of 150 ft., and the 
nuUipores up to 800 ft., in the wanner seas. The Great Barrier Reef of 
north-eastern Australia is the laigest of its kind in the world. It extends 
along the coast for about 1,035 miles, being separated from the continent 
by a lagoon, 20 to 70 wide, containing a number of small and large 
islands. On its oceanic side the Reef rises perpendicular from a depth of 
nearly 12,000 ft 

Coral reefs sometimes appear as idands^ known as atoUs, In some 
cases they present an exceedingly picturesque appearance— a narrow and 
nearly circular strip or ring of coral formation with a thin layer of soil coV^« 
ing Its surface a luxuriant growth of cocoanut palins, the odoroua» fruit- 
bearing screw-pine and breadfruit trees^ encloeing a lagoon of still water, 
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idNclM ^ coral rode are aometimea comidet^ dwwing lio coauatudeathMi 
anyaribete between the sorroundjt]|; sea and the inner lagoon, but as a rule 
they present one or more tunings, frequently of sufficient width and depth 
to pe^t the passage of boats. The largest atolls are about 40 miles across. 
There is a small one in central Fiji named Vatu VarS, which has an eteva* 
tion of 1,030 ft. On the slopes of the large island of Timor* in the Bast 
Indian Archipelago there are many lofty reefs, the highmt being dmost 
atolls, with an elevation of nearly 4,000 ft. above the sea. 

The atolls nearest to Inda are the Makb've Islands to the south-west. 
Acecffding to travellers’ accounts, they form vast masses at least as large as 
the Alps in total extent 

(15) Greatest Depth reached by a Diver going 1 304 
? down in an ordinary diving suit j 

Note. — Frank Criliey, the chief gunner’s mate in the U. S. Navy, , 
descended to this depth in 1915 to investigate the sunken American sub- 
marine referred to in Item 13 above. The pressure at tlbis depth would be' 
about ip atmospheres. 

An armoured diving suit has enaUed a diver to go down to a consider- 
dUy greater depth, via., 5^ ft., in Lake Walchenaeor Bavaria, but a diving 
feat is natundly easier in a fresh-water lake, whme the currents are not so 
strong as in the sea, the water is of a lower specific gravity and the preo- 
sum thn^oce ate lower . 

A spedal diving apparatus has recently been constructed by an luttan 
firm for salvage work. 'The steamer 'Egypt' sank in a coOiidon oS the coast 
(dBiittaxqf f France! in 1922, with a consignment of gold and silver worth over 
£ IfiQOpOO. She ties in 400 feet of water. This treasure is being recovered 
bf the use of the new apparatus. Divers succeeded in penetrating into the 
treasure-room of the steamer in June 1932 by blowing up the cdling of the 
strong-room with a chain of bombs put in position, and by the end of 
August over half a million sterling worth of treasure had been aalved. 
The device adopted for the work is a kind of robot, a mechanical steel 
riiril with jointed arms and legs, in which the diver deacendg the 
i^paratus bdng lowered by a wooden derrick from the salvage veaad 
o|Msratii% above. This shell is fitted with massive glass windows capable 
of withstanding the pressure it wiil be subjected to, and the diver need 
not laeathe oompres^ air. He inhales oxygen throi^hoat at nocmal 
pressure, and is thus able to avoid the use (rf compteseed air with ita attm- 
dant evils and risks. The robot has telephone connection with the eUp 
above. In the lower part of the ai^ratus are teaks into which Bw diver 
lets water by meai» of a valve when be wishes to go down and from udildi 
b# eqtda the water by compressed air when he wanta to rise; Btrt the 
most important part of the contrivance which Im contributed to its Nsoosie 
is the movable arms miding in a kind ct jpiaoen, Uke a ^aat lefaetcifi 





3SI 


700 ft. 


From 300,;ft.bdow 
^ the surf ace down 
to 1,000 ft. 


it- 


dam which m equipped wit^ hammers and other mechanical appliances, 
aO contrdled hr the man within the robot through water*tight connections. 

(16) Depth at which the Spectrum of SeaO 
water In tropical regions is devoid of 
colour, violet being the last ray to 
fade from the water 

Note.— This disappearance of colour has the effect of rending the 
blue water at great depths brilliant and clear. In the far northern latitudes^ 
however, the water below this depth would probably be as black as night 

The blue colour of the sea is Sue partly to the reflection of the sky, hut 
mainfy to the scattering of light by the gas molecules in the sea-water. 

(17) Stretch of Water across the Pacific) 
which has been found to be an in - 1 

t visible fence without oxygen, form- j 

ing an effective, barrier to sea life 

Note-— This belt stretches east and west across the ocean and is 100 
miles wide. It forms a fence separating the northern marine life trqpn Ule 
southern. 

(18) Greatest Depth at which b^s of pre- 
cious Coral are sometimes found > 

(19) Greatest Depth reached by Divers by ) , 426 ft. 

descending m a Steel Sphere ) 

Not 0 .— This record descent was made by two American^ Dr. WiOiajn 
Beebe, oceanographer, and Mr. Otis Barton, in the latter half of 1030 in a 
Diving Sphere, a chamber about 6 ft in diameter and constructed of st^ 
IJ inchea thick. It had portholes fitted with fused quartz glass 3 inches 
thick and weighed 2 tons. It was built to withstand a pressure of 652 lbs. to 
the square inch or a little over 44 atmospheres. The interior was kept at 
sea level pressure, and an oxygen 8ullt>ly was taken for ^ under 
Through the steel hawser which lowered the sphere into the water 
cables were connected to the sphere to provide current for tte lamps inside 
the ban and to iUianinate the submarine daritness outside. The two divers 
went down in the sphere, furnished with a powerful submarine ^er^ 
Telephonic communication with the barge operating above enabl^ ^ 
to send up messages from time to time. 15 descente were made m ^ 
aea off the coast of Bermuda Islands (east of U. S. A.), on ocw 
the divers reached a depth of 1,426 ft They stayed at this depth h^“ 
hour, and the total period spent by them this tllne under wate 
an hour and a half . 

Among the marine Ufe they observed duri^ their 

•*%K»ttedSy of Bermuda’, a huge fish rhombmdalm "^‘^^tfiSvS 

•nd fins and pcdaimouB apiaes; luminoue fishes; a silver 






fish of a ravenous appetitci^ which poiiiMMi Hs 
p^ to the surface of ^ ocean at night and la therefore calM the 
/Eater of the Stars’; an * Under#ater Danger Signal’, u 0 ^ a Sea Anemone 
expanding and waving its crown of tentadea, large in number, and lying in 
wait for unwary fishes. It sparkles like a bunch of gigantic cactus Uossoma 
and shines with very bright colours. Curious creatures glowing with whiter 
ydtow and pink lights were subsequently dragged up in neCs from great 
dqpths^ and they fought and devoured each other till the end. 

According to American engineers* a steel sphere can be built to go down 
with divers inside, without difficulty, to a ^epth of even half a mile. 


Such is the romance of the deep related to us in P&pular Mtckmca 
Mdgmne of October 1930. 


Ftom another journal we learn that the two investigators who descend- 
ed in this ^here found that dose beneath the ocean surface the light was 
ordinary daylight, but as they went farther down, all the red and yellow 
colours of the spectrum of the water faded out entirely. The blue colour 
faded beat, and there were now left only the violet rays at the farthest end 
"I^HliiMqiectrum where the wave-lengths of light are shortest. At depths of 
700 ft hnd over, the outside world of water still appeared to glow, tiiough 
•dimly, with these extreme, almost colourless violet rays. The eiqdanation 


given by physidsts is that this effect is due to the action, partly of. 
suspended partides in the top layers of the water, and partly of 
molecules themselves which absorb the rays of the red and yellow 
spectrum, but allow some of the violet rays to pass. 





C 21 ) Depth of the Gulf Stream 600-2,100 ft. 


Note.*^Itisthemo8tfamous of ocean currents. The warmer water of the 
^ eqluatoriai region flows Into the Gulf gf Mexico, where the Gulf Stream pro- 
per takes its birth. It is deepest where it leaves the Gulf, and is here about 
50 miles broad. Passing along the Straits of Florida, it flows off into the 
Noiith Atlantic as the blue, swift-flowing ’river in the ocean’, attaim'ng some- 
times a breadth of 100 miles. Continuing Its course noAhward, it mingles 
with the Antilles current, frmn which it receives a further supply of heat 
Off Hewfoundland it meets the cold Labrador current of the Arctic r^ion. 
The difference in temperature between the two currents is So marked that 
on one occasion a ship passing from one current to the other found a 
temperatuie of 34o at the^w and 56^ at the stem at the same moment 
Here, at all seasons, the mingling of the warm and cold air masses overlying 
the two'currents produces the fog banks for which this part of the wcgfd is 
so notorious, and in ig»ing and early summer icebexgs form a menace to 
abipf^ng. From off Newfoundland the Guff .Stream sweeps onward in a 
broad, duggish,al^ 




Note.'— The specific gravity of Ice is 0*9175 and that of sea-water 1*035^ 
so that only aixmt a ninth of the total mass of an iceberg is above water and 
visible and the remainder lies below. In the case of an iceberg which is 
nearly uniform and cylindrical in shape. Its depth below the surface of the 
sea will thus be about 8 times its height above the water. In the i^utherii 
seas the icebergs are tabular in form and are immensely larger than those in 
the northern, measuring up to 3^ miles in length. 


Icebergs are agents in transporting vast masses of mud, loose gravel* 
pebbiss and rock from tif north polar regions towards the temperate ones. 
Some have been observe^lonveying cargoes weighing from 50,000 to 100,000 
tons. As these masses fpat southward, their submerged portions slowly 
mdt away owing to the ii^i^sing temperature of the sea-water until the 
bergs become top-heavy anljPljBpsize. Their load of earthy debris Is in this 
way deposited on the floor bf the ocean. Icebergs act as agents in the pro- 
cess 6f denudation of the s^^bed, carrying out their operations at di^tlMi 
sometimes exceeding 2,000 ft. ; ^ 


(23) 

(24) 


Depths at which only the rarer forms 
of Fishes are known to thrive 

Greatest D^th from which a Whale 
has been hoisted up 


1.500^/X)0 ft' 
3,000 ft. 


Note.’--Capt. P. £. Harne of the cable repair ship *A11 America*!, whfle .. 
investigating the cause of interruptions in the service of the All Ajtmkqf. 
Cable Company's line g& the coast of Colombia (South America), hbisted.^^ 
a huge dead whale weighing about 90 tons. His theory, based on slmw^ 
experiences elsewhere, is that the whale was taking food by scooping along 
the ocean bed. Digging too deep in quest of food, it must have picked up 
the cable and been strangled in turning over to disengage itself, for, when the 
monster jvas brought to the surface, 180 feet of cable were found coiled 
around its body. The presence of a whale at so great a depth, where the 
pressure would be about 1,332 lbs. to the square inch or 90 atmospheres, 
is explained by ttie fact that it is protected by a heavy coat of blubber 
which enables it to withstand such a pressure. 


The whalf inhabits the colder waters north and south, and is rardy seem 
In tropical latitudes. The Province of Colombia is crossed by the ^i^tor. 
The reason that a whale could be found in such a warm region ocean 
is that this animal, especially the species called the Sperm Whale, lb f great 
wanderer. Marine animalft wander about in vast numbers on account Of 
variations in their food supply. The minute forms of life on whi<^ the 
sperm-whale subsists are plentiful only in summer. To obtain the htige 
quantities of food it requires, this animal, says Dr. Chartes Townsend ci the 
New York il^uarium, wanders to and back every year over routes 8,000 to 
6 • • • 



^^nilM the anminer io the NqrU^Haniqphnreandinig* 

> (» the SMtbera Hemiephete for the 8W 

^) pepttedowto^^ich Sea Hants \ 3 .oo(w.eooft 

have been found growing J 

Note.— Plants do not grow below the level which suoUght penetrates. 
The plant found at these depths is 8 dtister of 'Sea Lettace*. > 

Average Depth of the Arctic Ocean ... 3.954 ft 


(27) 


Record Depth from which Reef-build- 
ing Corals nave been dragged up 


Over 4,200 ft. 


Note.--Such corals have been dredged in the Ceram Sea, Dutch East 
Indies, from a depth exceeding 700 fathoms, 30 miles away from the nearest 
shore. 


(28) Depth at which a huge black fish 
called the ‘Underwater Torch 
Bearer * has been found 

Note.~lt has a projecting tentacle on it^ head, which carries a ^ Builds 
Eye Lahtem'—a glowing lamp*, and this helpful appendage lights its way in 
jliursuit of prey. 

(29) Depth at which ‘ Illuminated ’ White ) 5.280 «.= 

Fish have been found J 1 

Note.— The pressure here would be about 1 ton to the square inch or 
nearly 158 atmospheres. 




4.800 fb 


(30) Average Depth of the Antarctic 
* Ocean 

(31) Depth from which Star Fish have 
been collected 


J 6,000 ft. 

I 7,560 ft. 


Note.*-These fish are so named from the shape of their body, which 
resembles a star. The body usually fias 5 rays or arms, though the number 
may extend to 40 or more. This fish is also named Stellerid. 


02) Depth of the World's Water if the whole) 

land portion of the earth and the Bed of |- 8,800 ft 
the oceans were reduced to a uniform level j 

(33) Average Depth of the total Oceanic ) > 12.450 fb» 
Area of the earth J 2 m. 2 f. 190 yds. 

N(i>tn.r-Tba average elevation of the Earth’s land surface is on!^ about 
1440ft ‘ 

• (34) Average Depth of the Atlantic 
Ocean 

(2^ Av^ageDepthof the Indian Ocean ... 13 ^ ft 


12474 ft 





(36) Dqith at which Submarine Cablesl « 

are laid in the North A^tic j 

Note.-«At the bottom of the Atlantic, extending from Newfoundland to 
beland, a diatanee nearly 2,000 miles, there exists a rematkaUe piatean 
bnown as the Tdegraph Plateau. It is nearly 400 mites broad. It is iqmn 
this {dateau that the cables are laid, its soft oozy surface providing an ideal 
ci^on for the network. They were first laid in 1866. 

(37) Average Depth of the Pacific Ocean ... i4.0S2 a 

(38) Greatest Depth seunded in the Medi- ) , . 

terraneanSea J 14*436 a 

Note^— This 'trench’ lies between Sicily and the Pdoponnesus. 

Up to 1920 deep-sea soundings used to be taken by what are known as 
the lead and wire systems, but since then a new instrument called the soide 
depth finder is employed in all modem ships to sound great depths. Thb 
device is based on the prindf^ that sound waves originatii^ at the ocean 
surface pass through the water at a known or ascertainable speed, and alter 
striking the bottom are reflect^ or echoed back to the surface. The interval 
of time between the emission of the sound and its return is measured with 
accuracy. The velocity of sound in sea- water increases with the tempera^ 
ture, with the salinity and with the pressure, and varies from about 4,600 to 
5300 ft. a second. The sonic dep^ finder automatically records the time 
taken by the sound to travel to and back, correct to the split second. The 
time required to take a deep-sea sounding with the new device is almost 
negligible, and a depth of 24,000 ft is sounded in about 10 seconds. Besides, 
soundings can be made at very frequent intervals and even while the ship is 
in motion, sailing at 10 to 15 knots. A still further advantage of •the new 
method is that the Instrument can be used in all weather conditions. The 
science of sounding water depths is known as bathymetry. 


(36) Greatest Depth from which Verte- ) i6,500ft= 
brate Fish have,been dragged up J 3 m. i f. 
Notct—Fish with very large eyes named Bathylagus have been obtidned 
from this depth, where the pressure would be about 3^ tons to the square 
inch m 483 atmospheres. 


(40) Greatest Depth sounded in the Indian ) 21,000 ft 

Ocpan J ’ 

Note.'-A Dutch submarine in 1924 measured, by the echo sounding 
method, depths exceeding 2liO0O ft north-east of Christmas Island tituated 
south of Sunda Strait There ate parts of the Arabian Sea of immenae 
depth, but only a few soundings have so far bemi taken, away £n»n steam* 
diip routes. * 


Deepest Sounding made in the Arctic ) 

Qpean / 


23,100 ft. w: 
4m.3f, 



44 


WONl»BRTOfc 

Gmtest Depth from w^h Swnges V ©,« aimo ft 
M Molluscs have been dredge up J 


Mntn Mnlliiitr" are a latg^ivWon of invertebrate marine animate, 

o^i^tion and generally largest class of molluscs are ^ 

Cu^fidi group under which comes the Octopus or eight-armed DCTU-fish 
w {^ferocity. No particulars are available*a8 to what partimito 

or whether they included any qieaes of the Cuttlefish fui^. 
Tbete is however a reliable record of 4he octopus having been taken 
from r .osn ft and of the EltdotuJbt. a genus related to tte octo^ from 
17400 ft, a depth at which the i»essure would-be 500 atmosph^^^leam 
M of 2nd April 1932 that one rec<^ sped^ S 

CdMotUrM VofHtvna of the American coast, caught in Ddaware Bay, 
nea^l 7 i ft tong and 18 ft. across and weighed 5 tons! 

Thepreasute at a depth of 4i mUes at whi^ animal life has been found 
to exist would be about 4i tons to the square inch or 725, atmospheres I 

(43) Greatest Depth sounded in the North 1 27,^ft« 

Atlantic |5m.2f.84yd8. 

* Note— This depth has been discovered in the famous Naree Deep, 

• trough or 11016’ in the North Atiantic, lying about 50 miles north 

^ the of Porto Rico, West Indies, and extending about 180 miles 

east to west with an average breadth of 40 miles. 

iwhs which exceed 18,000 ft. are caUed Deeps and have names given 
to th em- About 60 such ocean pits have so far been charted, of which 
^ Pacific claims more than a half. The largest is the Voldiva, which 
^enda around South Africa and Ues partly in the South Atlantic and partly 
to the Ocean. It covers an area of 1,136,000 sq. m., while the Murray 

to the North Pacific, and the Aldrich in the South Pacific, are nearly as 

extendve. , , 

(44) Deepest Sounding made in the) 32,6«lt.= 

^ ^ ocesms without striking bottom ) 6 m. i f. loi yds. 
Nate —Several soundings have been made by a Japanese survey ship in 
A* Tuscuora Deep in the Pacific off the east coast of Japan and about 1,200 
of San Francisco. Some accident to the sounding wire prevented 
~tSce of the operations. This region of the o<^ haiT not yet bara 
tiKffOt«Uy mapped. Oceanographers bdieve that this Deep is at least 60 

milea long, with an indeterminate width and d^?Ui. ^ 

(45) Greatest Depth in the ocean yet) sm^ifoyds. 

• ' sounded f {Etuyti.&'.,1929) 

Wgw are constantly, taken in the oceans. The 4et^ 

to a» Mtodwao Deep i» He ReStelt 



-3^coce^';V A$ 

extends noriA to, MOth Sboot 45 
laii^ ae4 ecwUieninuMt island of the 

This record de|Mh in the ocean exQ|eds the devatkm of tiw higheat 
mountain peak on land, Mt Everest, by 0,256 ft, and its discovery makes 
the known variation in the level of the earth's cn»t a litde over 12 miles. 

The pnessore at the bottom of this great 'hde' would be 7 tons to the 
square inch or about 1^)65 atmcnpheres. 

(46) Extent of Elevation of the entire 
Sea-bed if all the oceans on the 
globe dried up • 

blote.— The text of this item may locdc somewhat cryptic, but the 
meanihgudll be dear when we explain that, if all our oceans were to ev^^ 
rate, the ^ts which would remain behind would form a crust 170 ft tiiidc 
over the whole sea-bed.— <ft Zombra) 


1 


170 ft 


ConeliKttng Remailcs 

The interior of the ocean has many Igeographical features in com- 
mon with the land surface of the earth. The seas thus have theii^ 
mountains, plateaux, -precipices, shelves or '.ledges of rock with 
abrupt brinks; gorges known as gulches; caverns or trendies; 
valleys; plant life ranging from isolated plants and boshes to vast 
forests growing in the valleys; animal life of gpreat diversity and in 
abundance, and last but not least, archaeological ruins, the (emains 
of lost dties and islands. 

The bed of the ocean, like the land surface, is subject to earth- 
quakes or ‘seaquakes’ as they are sometimes called. A severe 
earthquake, believed to have originated in the Pacific Ocean 
Central America, was recorded on 18th June 1932 at the observa- 
tory at West Bromwich in England, about 6,000 miles away. The 
oscillations in the seismograph produced by the shock were so violent 
that one of the levers of the instrument became dislodged. Seaqoai'<‘ 
kes are often accompanied by volcanic outbreaks, and these two 
agencies have the effect of altering the sea-bed and causing displace- 
ment of the waters. Eruptions of submarine volcanoes have (Mfien 
been observed. Tlmy are accompanied by many of the {diencnnena 
noticed in la-nil volcanoes — columns of smoke and ashes, and incaa- 
descent stones catapulted from the submarine craters with enormous _ 
(orce, On Ifith Janqaty 1931 huge colnoms of stQdte tvwp sow 



A^ ftom tiie sea at some distance off tibe Mmdcw seaport of 
Bfafatlan. tin shore being strewn with dead fish. Evidently air 
tmdanea volcano was in action. In India too evidences are now 
ttsd again afforded of submarine disturbances. At Porbandar in 
Kathiawar quantities of dead fish have been washed up from time 
to time which could have been due to no other cause. 

The extreme depths ctf the ocean ^ cold, absolutely and perpe- 
tually dark, and the pressures there, as has been noticed, are enor- 
mous. The temperature at the bottonf of the deepest seas, except 
in flje frigid zones, is 2“to 3® C. (35*6® to 374® F.) above freezing- 
point 'Pie ocean-bed where the depth is not great is for Ihe most 
part composed of sand, but the deeper fioors are covered with soft 
stidcy ooze, mainly of organic origin, being formed by the decay of 
sea plants and the disintegration of the shells or skeletons of micro- 
scopie animals, mixed with the volcanic dost borae away by the 
winds from time to time from land volcaidies in action. The sea-bed 
is also the receptacle of most of the meteorites that fall from the 
sky, as the major number of those which fall on the earth most be 
falling into the ocean, considering that over 7/lOths td the surface 
of the globe is occupied by water. 

Marine zoology is a vast subject. In the domain of biology it is 
an empire by itself. There must be more varieties of animal life 
in the ocean than on land. The largest animal is the Whale, which 
in the great northern rorqual or blue whale, the largest creature on 
tim earth, is known to grow to a length of over 100 feet. Afull-grown 
membmrof this species weighs 120 tons or more and its circumference 
is between 30' and 40 feet. Takiiig the weight of a full-grown mai& 
as 135 lbs., that of a full-grown blue whale will thus be equal to the 
of a crowd of 2,000 men ! Other members of„the mammoth 
f'Jttsat are the high sea Whale Shark which grows to 70 feet ; the man- 
iMtting Siark which reaches a length of 40 feet ; the Saw Fish 20 to 
30 feet loi% ; the Devil-fish measuring up to 18 feet "across and 
wei^iing 1 to 5 tons ; the Sea Elephant, the largest species of seal, 
which measures 20 feet in length and iS feet in circumference ; the 
Sea HofiEie or Walrus which attains a length of 20 feet ; the Sea 
Ifriioom or Narwal, 12 to 20 feet long, with an enormous projecting 
tcndt, 6 tolO feet in length, spiralinfbrm and, like a screw, shooting 
sfre^htand taperinfftoa point; the Sword Fish wbich^riaohes A 



ifvde^t of over 600 lbs. Md a length dl 16 feet and is armed with a 
3-foot bony svrord; the 10-foot Dolphin and so on. Among dangeioos 
reptiles is the Sea-snake, which frequents die tropical seas and is 
abundant in the East Indian Archipelago. It has large pla.tftlilf^> 

^ shields on its snont and a flattened rndder-l^e taiL It grows to 10 
feet, and its venom is said to be six times more vimlent than that 
of the cobra or Russell’s viper^ and eight times as powerful as the 
krait’s. As many as 29 species of this reptile have been found. 
It appears that sea-snakes ase occasionally carried to the lower 
reaches of rivers by the cittrents. In June 1932 six persons at 
Mayavaram in Southern India, while bathing in the Coleroon, a 
branch of the Cauvery river, were bitten by sea-snakes vnth hital 
results. Similarly the giant estuarine crocodile, the largest and 
most ferocious of saurian reptiles, which inhabits salt waters 
in the rivers, is often found at sea. A full-grown animal attains a 
length of 30 to 33 feet ! Rrom the fact that a crocodile 16 feet 
long recently caught in a pond in the Philippines we^hed 19,800 
lbs. or nearly 9 tons, the largest salt-water crocodile probably* 
weighs more than 16 tons or over four times as much as the largest 
hippopotamus. Among other reptiles is the giant Green Turtle 
found in the tropical parts of the Atlantic and Pacific Oceans. It 
is 6 to 7 feet long and attains a weight of 1,000 lbs. 

Among other strange creatures, which are found only .in the 
warmer seas, are the Diodon and the Tetrodon, so named on account 
of their having only two and four teeth respectively, and the Globe 
Fish. These are all called by the general name of Balloon Fish. 
The Diodon and the Tetrodpn are«armed with spines and have the 
power of inflating their bodies by swallowing air and making it pass 
into cavities beneath the skin, which enables them to float on wat» 
like a hollow robber ball and gives them an almost spherical shape. 
As their bodies distend, the spines erect themselves. In the cas^ 
of the Globe J^ish the air swallowed by it passes into a ventral sac 
and inflates the whole animal like a balloon, thereby enabling it to 
float. 

Another curious inhabitant of the tropiod waters is the Flying 
Fish, which has large and long pectoral fins and a caudal fin whose 
lower lobe is very long. With powerful strokes of the tail itrusbes 
t^ugh the water and, with the initial velocity acquiredi leaps into 



4ii #>Nosi^^ 

^ ^ ivhete It can sustein itself for a tiine. With its pectoral fins 
t^topiread it flies a considerable distance, sometimes as mnch as 200 
yatds. Hie Catalina Flying Fish <rf the South Californian waters 
is one of the largest known species, sometimes 18 inches in length. 
Its flhdit power is strengthened by long ventral as well as dorsal 
fins. It is believed that these fishes fly to escape from the attacks 
of larger fishes, especially the dolphin. They are marine examples 
of those strange land creatures, the flying lizard, the genus Draco, 
cS the Malay Peninsula and Borneo, 'che flying lemur of Java, the 
flying frog of Java and Borneo, the flying snake of Borneo, the flying 
mouse qf Australia and the flying squirrel of North America, which 
(mccept in tiie case of the flying snake) are provided with membranes 
vdiidi serve as parachutes. 

The whale is not a fish in the technical sense, but a warm- 

f- 

blooded mammal. In spite of its enormous size it has a mortal 
enemy in the sword-fish — the ‘gladiator of the sea’ — ^though the latter 
,is considerably smaller. Owing to its formidable weapcm this fish is 
dreaded not only by other monsters of the deep but also by mariners. 
It has attacked stout wooden ships with disastrous effect. Its sword 
has penetrated 11 -inch oak timbers and even copper-sheathed hulls. 
A thrilling account is given by some whale-fishers of a long, fierce 
but drawn battle which they witnessed between a huge sword-fish 
and a whale, in which the former as usual was the aggressor. Throu- 
C^ioot the fight the sword-fish adroitly kept dear of the whale’s 
powerful weapon, the tail. Again and again it took a leap of 8 to 
to feet out of the water and viciously struck at the head of its foe 
with its sharp blade. At last Vith » supreme efibrt the whale 
leaped 6 to 7 feet into the air and came down with a mighty splash, 
when both the combatants disappeared. 

t 

The terrible strength possessed by many of these sea-giants 
is often disidayed in their chance encounter with man. A huge 
octe^po^ a fish which can be ferocious at times, once became 
enitanfi^ in the anchor of a small fishing boat at an Austrdian port 
and gave its occupants the thrill of a lifetime. It was as much as 
tiwy cdoid do toshake off the monster and save their lives. . Another 
deader oiemy of fishermen, which is found in the tropical seas, is 
the saw-fidi. It possesses tremendous strength as wdl as savagery. 
It is amed wifli a bony lance with a serrated blade. Onf such giant 



recsatly under ’& 20-ton yacbt off Penamit coast and toweS 
it lior five boars until at last it was captured. It was 31 feet lot^ 
and weiidied 5,700 lbs., more than 2| tons. The barracnda, other- 
wise known as the sea- wolf, a fish which averages 10 feet in length, 
is notorious for its ferocity and the deadliness of its bite. On several 
■“occasions it has attacked swimmers and mangled them. The sting 
ray is another dangerous fish. It can inflict a poisonous wound 
with its long, flexible, whip-like tail which is armed with a barbed 
bony lance near the root. the villain of the seas most dreaded 
by swimmers and by fishermen venturing out in small craft is tibe 
nian-eatii)g shark. We often hear of dramatic battles between this 
fish and man. Sometimes fishermen lure these monstns to theft * 
doom by throwing quantities of animal blood into the sea and spear- 
ing them as they rush to the surface attracted by the smell of the 
bait, for the shark^as an afcute sense of smell. A shark’s stomach 
is sometimes a veritable conjuror’s box. The stomach of a Imge 
shark caoght%t Honolulu contained among other articles a horse’s 
leg with ho^ and shoe, a piece of turtle-shell, a tin can six in/-hes • 
square and a {^ny bag ! In the southern seas there is a species of 
seal called the sea-leopard on account of the whitish spots on the 
upper part of its body. It is a powerful brute, sometimes 6 feet 
long, and when fully grown it can bite off a man’s hand or foot. 

The gynmotus or electric eel found in the marshes of Brazil 
and Guiana has a marine example in the Torpedo or Electric Ray, 
a fish which has its habitat in the warmer seas. It weighs from 60 
to 200 lbs. Nearly 20 species have been discovered. It owes its 
electric power to special pahed organs between the head and the 
pectoral fins, consisting of a large number of vertical gelatinous 
columns with membranous partitions between and provided with 
numerous filaments branching from the vagus nerves, the whole 
apparatus functioning like a voltaic battery.' Under excitement 
the animal’s nerve force is transformed into electric force through 
tlie medium d the electric organs, and the animal subjected to the 
shocks becomes numb. This singular power of the fish was known 
to the andefit Greeks and Romans, as a*powerful species of ft 
occurs in &e Mediterranean. . • 

It is quite common for a larger fish to prey on a :>maUer one. 
^&e sharlr eats the comparatively small flounder, which in ioen 
7 



it is extram^y fim to oQit» apvoss 
# ilsl} y^i^ will attack fishes laiger thaa iteelf few food. A dog«fi^, 
A ssoall bat rapacioas species oi shark commonly foand off Soatfaehi 
has been seen to give battle to a ood lugger fiian Itself, 
which soon fell a victim to the fierce attack. 

One remarkable variety ot fish life in the ocean is the Cdoared 
Fish. The *batterfl]r' cod is a corioas fish with alternating banfs cd 
Idack and white around its body. It consequently looks like 
a monster butterfly. There is one type of fish, vioiet and gold-green 
in colour, called the Isabella and another kind known as the 
Coquette, with flaming yellow, black and vermilion stripes. The 
*diambere4^saatilas‘, a denizen of the southern seas, is a jelly-fish 
of a beautiful purple and oobalt-binq colour. Contact with it 
produces an effect similar to scalding. ,The, Opah, a beautiful fish 
about 4| feet long found in the eastern seast the Atlantic and 
Arctic Oceans, is remarkable for its)* cKtraordinarily rich colours. 
The upper part of its back and sides is green withl of purple 
* and gold, passing into yellowish-green below, the fins being bright 
crimson. In the eastern waters of America is fol|ind the scnlpin, 
another remarkable fish. It has a long horn and a large head 
furnished with sharp spines, with which it often wounds unwary 
fishermen. Its month is big enough to enable it to swallow fishes 
mncb^larger in size than its own comparatively small body I It 
changes colour with the same ease as a chameleon. In spite of its 
terrible weapons the scnlpin generally prefers to be left alone, and 
trnsts to its ability to change colour, to hide its presence. When 
b^ing in the shelter of a dark jrock q>vered with crustaceans and 
pink, brown or green plants, the scnlpin will be seen to have a 
dark colour mottled with pink, brown or green. On a patch 
of brown vegetation it will be aU brown, and o& a bed^ 9 ^ ^hite 
nad it will be as pale as the sand. ^ . V 

But by far the most interesting fishes tp be found in tWipDfUi ate 
the *laminoos fibres’, which may be aptiy termed the 'stwte ^foin 
of the ocean'. They are provided with luminiferous 
enaUi^ them to pursue and capture ptey in the, depths. 
*Besidm those menti(med already, there is a deep-sea nidi cf the 
anfl^ fiunily called tiie Lif$opi$rjmdda. It has a lumint^ tmfocis 
idiooting op footp its nose, and is the proud possesscHr ofwhat is’ an 



sjctMua tarily ia finny (aoeH~A bear^ wiiich tndls nndar Ite 
lower law, and this beard islaminoos! It is armed with formi* 
daUe spines on the head and back, and long sabre-like teeth. There 
is another species of the same fiunily, the Photocorynus Spinice^ 
^an inhabitant (d the Golf of Panama, with similar spines and 
teeth. Its female carries her mate, an animal mnch smaller than 
heraelft as a permanent fixture on her forehead I A finished 
of wifely devotion, or — as some may look upon it — oi a submissive 
wife and a hen-pecktag husband, for the male is a crown of 
tbornsl 

The Sun Fish, an animal which looks like the of a la r ge 
fish severed from the body apd often attains a diameter of 12 fee^ 
and in rare cases a weight of 17 cwts. or more, has been seen 
to glow in the dark likwi^ white-hot casmon-ball, In one spedea 
of shark, the SqtMus Fidggns, the entire surface (A the body gives 
out a greecia!| lurid ligh^ ^Rddbh makes it appear a ghastly object 
like some limiMer spectre. 

The ocean .waters, especially in tropical latitudes, are very rich* 
in noctilnoen|l^polyp8 and pyrosomes. The tentacled sea-pen, a 
feather-shaped polyp, dances in the waters in a greenish light. Ibe 
pyrosomes or * fire-bodies' which, along with other luminiferous 
animalcules are known as Noctilucae or RadioflagdUitat are 
minute molluscous animals which unite in vast numbers and form 
a hollow transparent cylinder no larger than a finger. Myriads 
of noctilucae dance through the obscurity of night like tiny glow- 
worms. A traveller relates an amusing incident about the effect d 
this phenomenon on land anim a ls .* As he landed one evening on 
the shore of a tropical sea, a dog close by began to bark at him 
furipusly. He filled a glass with the noctilucous sea- water and threw 
the otelbipts fnl! at its face. Terrified no douj^t at the sig^t of what 
lodced.^|he d|»k like a quantity of liquid fir^ the dog sharply took 
to i%]}a|^ ^u^ it kept barking from a respectful distance I 

l^ lipdoction of light by the larger luminous fishes and the 
nnur^lip^cnles, as also by certain h^pd organisms, was for a 
long tiiHi^pBcribed as ‘phosphorescence’. Though in ite real sei^ 
this tenfi means no more than the property possessed by certafii 
bodies ofemitting li ght in the dark in the mannered {^osphoru^ mai^ 
t^Wad(^& discajr^ its use lest if slfoqld ^ ti^ksn toimpljr 
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sti^bsttoice in tbe bodies of these creatnres, and call it bittltttHiMeaoienu 
tiinhtod. Bat this light •prodncing device is almost absolutely cold; 
is other words, almost the entire chemical energy of the ^ocess is 
converted into light without any generation of heat. Tire emission 
of light is attributed to the oxidation of a compound known as 
t«efftrin, in the presence of a ferment called lucfferase, Prof^or 
Newton Harvey, a zoologist of Princeton University, U. S. A., has 
recently armounced the results of s4me careful observations he 
carried out on a few luminous deep-sea fishes. He obtained two 
Oxamptes of a fish dredged near the Bermudas from a Q^th oi 
about 4,800 It. and succeeded in keeping them alive by patting them 
in icy sea-water of a temperature equal to that occnrring in their 
habitat 'Urey were over 12 inches Ipng.ahd had luminous organs 
on each chede, which gave out a bluish light wheh the fishes were 
handled,' and two lateral rows of laigd Ihftiiniferous devices, besides 
smaller ones distributed all over the surface. Anothnr kind of 
■ hmtiapns fish examined by Harvey was a small shrimp, barely an 
inch and a half long, dredged off the Bermuda coast ftom a depth of 
between 3,600 and 4,800 ft. He studied it also in a living state in 
ky sea-water. He found that, under the stimulation of a touch, 
tire shrimp ejected a cloud of bluish light firom glands near the mouth, 
and this secretion, diffusing through the sea-water, envel<^)ed the 
arhtde body, in a flood of light. 

On land there are certain animal as well as v^etable organisms 
which are luminescent. The most important of the former are a genus 
of beetles familiarly known as the fire-Hiy. Some specie^ ot this 
insect pve out a steady light, while others like the glow-worm 
flash light int^mittently. Different sub-species, r^ain, emit light 
of different colours— bluish, green, greenish- white, yellow or reddish. 
Tbe fight is produced inside cells and emanates from twp or ffuree 
eye-like tnbercles beneath the abdomen. In some spedies the ^eggs 
and pupae also are luminescent. 'The Elater or Pyroj^utrus 
which these are about 90 sub-species, ii;; woe oil the 
brightest df fire-flies. It is found only in America in the vast area 
‘^xtendirg ftota southern United States to the SOutheminOst d»mt- 

of Sonth An^ca. Its light is so brfiliaht ffiat in H^fti { San 
'ijkMflngo ) hi tin Wtot Indies and some other parto of 



Am^i<^ tlinis6 iila6&ts are^ (ctf i)iairit6fle» of illof»i!^ioii, aaii^ S r 
or 10 coofinsd io a ^ial send forth stiffident Hgtit to ehabte.a ptosoh’ 
to read or write I In the Amazonian forests fire>flies emitting green, 
yellow and red light assemble in muititades on the plants and- trees 
overhanging the banks of small streams, and their beantifol ligbto 
mirrored in the water turn these areas into little fairylands. Besides^ 
fire-flies there are several other orders of animal arganisms, 
for instance the centipede family, some of whose species are 
luminescent. But even more icfteresting than the fire-flies are tbo 
lominoQS plants, which consist of two groups. There are/ certain^ 
species o^fnngi growing in decayed wood, whose mycelium or fine; 
thread-like fibres are luminous. Sometimes both the mycelium andfim 
pileus or cap emit light. Some remarkable species of rnushrocmis 
are found in the forests of Bprn|o, Brazil and other tropical countries, 
Travellers say thaf they glow with a steady, continuous light so 
powerful as to illuminate a'Whole jungle 1 Some of the plants are a 
foot high, upwards of a foot in diameter and weigh Severn! pouuds. 
In one case, :an explorer plucked one such mushroom and op ' 
pl 3 >»ing it on a newspaper found that he could easily read the print j 
A noteworthy feature of tiiese luminous plants is that they shine 
both night and day. In all these cases the light is produced by the 
same chemical agencies as in the luminous fishes. 

It is exceedingly rare to come across aquatic animals that utter 
cries or emit other sounds. The hippopotamus, the drea d n aught* of 
the African rivers, grunts, snorts and bellows at times, and when it is 
infuriated its grunt is powerful enough to be heard a mjle away. The 
alligatcnr bellows loudly at* night.* Among marine creatures, the 
turtle of the Galapagos Islands in the Pacific off Ecuador, 
South America, bellows at a certain time of the day j the sea-}ion, 
a large member of the seal family found in the southdt’n hemisphere 
and in certain p«ts of the North Pacific, barks or roars when hungry ; 
the gurnard, *a fish inhabiting parts of both the Atlantic and the 
Pacific, produces a curious sound resembling grunting or grumbbpi 
when takAU put of the water and is therefor^ also, called the grunter ; 
the ‘croaker’, a small fish of the Atlantic but also found near ^ 
coast of California as well as in. firesh water, makes a moaking 
ntdse when caught, and the maigre or diade-fisb, common :m tiie 
Mediterranean, sends forth a sort of whirring nsnse as ft .mows 
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^ik^fion^ found 'sin^ng bolievdd to be slwll<fish, trid^ 
ec^ musical notes. 

It is a ynadet how deep*sea fidtes manage to live at sodi enor- 
moos depths. The ptessnre on every square indi of the body o^ 
evtty animal that lives below 15,000 ft, a level at which the ptessore 
approach 3 terns per square inch or 450 atmospheres, will be over 
22 times the pressure that will drive an express ndlwiqr train I 
Deep-sea fishes cannot live in sfaallownr waters, and have a well- 
defined ’ceiling’ in mid-water. Those which climb far up in pnrsnit 
of prey ase unable to return to their haunts and die through distension 
of their organs caused by the considerable diminution in the pressure 
bn bodies. The Viper Fish, a denizen of the icy reg&ms of 
the sees, lives at a depth ot 3,000 dt • When forced up into the 
warmer waters above, it gives out a sort of hissing or fizzing sound 
like that produced when the contents (rf a soda-water bottle are 
. poured into a glass, as a result of the greatly reduced pressure on 
Its body. 

A perh 2 v» unique instance of sea-fishes adapting themselves in 
the kmg course of time to the changed conditions of life in fresh 
water has come to our notice. The great fre^-water lake of 
Nkaragua in Central America is inhabited by several kinds of 
sea-fi^ indnding the shark. It is generally believed that this lake was 
in comparatively recent geologic times an inlet of the Caribbean 
Sea and that as the result of a volcanic upheaval the sea life (tf this 
Inlet became isolated and was ippriso^ in the inland lake thus 
formed. Owing to fresh water continuing to flow into it,- the lake 
gradually lost its salinity and in the course of centuries became a 
fiwsh-waterlalte^ but its marine life has in the meantime adapted itself 
to the altered conditions. The same types (rf life as occur in 
it are found to-day inhabiting the salt waters the Caribbean Sea. 
Lake Nkaragua, however, still maintains an indirert connection 
wfth flie Caribbean by ptedpitous falls leading to a river which 
emptka its waters into that sea to: the port of Gteytown. 

■ ,t 

V Marine fanna and flora are more abundant In temperate and 
polar seas than in tropical waters, but there is {(reatsr vark^ .d 
^In^srfHmessegs. 



T&« wi^ of Am oeeaii» like ansr otiier liqtik^ abeofte a oertaia 
ajnoont of tiie gases with whkh it (»nies ii^ ocml^ The pecidiac 
breathing appaiatos or gills of the fish only fonction if the air absor* 
bed by thwn contains a greater percentage oxygen than does the 
atmosphere. At the surface of the s^ the oxygen omteut is about 34 
'per cent of the whole absorbed air, while it is present to the maximum 
extent of only 21 per cent in the atmosphere. Important discoveries 
have been made by Dr. Erik G. Mobetg, oceanographer, on the 
subject. By a chemical study of thousands of samples of water 
taken from various depths in the oceans, he finds that there is less 
free bkygen in the waters of the Pacific than m those of the Atlantic^ 
and there is more in the water of great deeps of both oceans thaa in 
that at moderate depths. The highest oxygen content in the 
Pacific water was found at the surface, where it was nearly satnra* 
ted. The content diminished with depth up to a certain pdnt, 
until at 2,000 ft. it was le^ than one part in a thousand of water, 
but from this depth downward, the oxygen content increased again 
until it attained its maximum at the floor of the ocean. The highest* 
oxygen ratio in the deepest waters was found to be 345 parts pet 
thousand of water. A lower percentage of oxygen in the depths 
than at the surface is explained by the fact that a large quantity of 
it is consumed by the marine organisms and cannot be directly 
replaced. 

The popular impression is that the sea is always safty, but 
explorers have recently found a 30-ft surface layer of fresh watM 
at some places in the Arctic Ocean. The explanation (d this 
apparent paradox is that (be mating snow and ice from gladers 
and icebergs supply the fresh water. There may be similar layers 
of fresh water in the Antarctic due to the same causes. At the 
entrance to the Baltic Sea, in the Skagerrak Wnd Kattegat, 
patches of fresh water are also encountered that have flowed down 
from the stngconnding hills. 

The officers (d the British steamer *A6phalion’ in 1931 came 
Bcross a magnificent phenomenon in the^Attentic a few hundred 
miles north of the South American Guianas. As the vessel was 
steaming into a heavy soath«west swdl she met with rou^ Indtaa 
seas, but the waters appeared smocdh, fox *each combing breaker 
Itdtashadowless vrakeof white, boUing water %Ti;^ expanse of imteir 
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and co»tiaB«d do solar fully 
iioru»on of 'ink>Uack :^(y ai^ milky iuto txdd 

^ ' l%is temporary milky appearance of a portion of the sea and the 
disooveiy of fresh water layers in the Arctic and elsewhere may 
temind oor Hindu readers of the fifth and the seventh of the seven 
oceans with which Hindu mythology surrounds the earth—Kshira- 
t^tgara (ocean df milk) and Jalan|^).va (ocean of sweet or fre^ 
Krater). , 

Sailors (tften report havtiig seen the waters of the ocean boil and 
bubble away. The action, they say, is so vigorous that the surface 
at times becomes invisible owing to the rising vapour. An expla* 
nation this phenomenon is advanced by Mr. Albert Noden, ocea- 
nographer, who observed an occurrence of this kind at Biarritz, a 
French port in the Bay of Biscay. He attributes it to sadden changes 
in the weadier. The previous night these had been a sadden fall in 
the air temperature to a d^ee or two below freezing-point. The 
*d)ange wras too rapid for the sea- water to respond to. In the morning 
when the ocean appeared to be boiling, the temperature of its 
water was found to be 15** to 20° higher than that of the air 
immediately above. The relatively warm water was givii^ off 
vapour which condensed the moment it rose into the colder air and 
formed a layer of cloud on the sea surface. 

There is, however, one small comer of the ocean where the 
Wa^ is actually warm and remains so throughout the year. Strange 
to say it is in Iceland, which at its northern limits is touched by the 
Arctic Circle. There is a spot in this, island where the Atlantic; 
waskbs through a lava ridge filter so hot that a lagoon *01 warm 
waiter forms behind it. To the inhabitants near by and to visitors 
tibbi lagoon affords a delightfnl place for sea-bathing.*' 

Tbs age of the ocean according to J^resrs’ calculations is more 
♦hail 1,300 million years. > 

brief survey with an attempt to arrive at an 
'estimate, daoufifo a rough one, of the weight of the Ocean. We know its 
miperfickd adnea ( 141,038,%87 sq. miles) and mean depth ( 12,450 ft. ), 
and oin findmit the pressure at this depth. We ace adopting the 
iaverage dapfb in oiir balcnlations, and in dcring so cusume a level 
bad the ocean. Tbearea of aodh a bad will no Andrt be a litde 



less ti^ ^ meationed superficial uea of ^ inttw« but if 
Tve take file two areas as equal, the di^Svesce will not mat^a% 
affect the result of our calculations. Now the pressure on aogf area 
cS the sea-bed is the wei^t of the column of salt water ovmr it, and 
fit a depth of 12,45P ft. the pressure will be 2*44 tons to the square 
inch. We Imye thus only to calculate what the pressure will be 
at the bottom over the whole area of 141,038,687 x 5280* x 12* sq, 
inches. We thus find the weight cff the Ocean to be 1*38 quintil- 
lion tons, about *0002 that of*the whole earth. Abbot, it may be 
nota4 says that the world’s water weighs not less than 1-25 
quinfifiimi tons. 

Throughout the whole ocean there are about 35 lbs. of salts to 
every 1,000 lbs. of sea-water, so that the total quantity of Shline 
matter in all the oceans amounts to roughly 48*3 quadrillion tons. 
It is estimated- that eyery year half a billion tons of salts are carried 
to the sea by the American*rivers alone. 



" CHAPTER HI 

-f) The Earth’s Lai^ 

2 ) The Earth’s Atmosphere : The Lower Troposphem 

Come forth into the light of things, 

Let Mature be your teacher. 

-‘I^rdsteorih 


There is nothing beyond the pleasure which the study of . 
Nature produces. Her secrets are of unfathomable depth, but it 
is grant^ to ns men to look into them more and more. —Gmtht 

We now start on our exploration of the land surface of 
the glot^ and its gaseous envelope.* Our first idea was to 
begin at sea level, but curiosity led us to investigate whe- 
ther there was any tract of land below that level compar- 
* abl^l^ a respectable ocean-bottom. As a result we com- 
meppe our pilgrimage from a place which, so far as its 
extent of depression is concerned, may be described as a 
miniature Hell on Earth! But we may digress a little 
before starting. 

The Earth’s Atmosphere or Gaseous Envelope consists 
of two layers. Its ’ ground floor’ or lower layer is called 
the Troposphere which is the storm-bearing area, and the 
second or upper layer, the Stratosphere. The two layers 
are separated by a boundanh region known as the Tropo- 
pause. The Troposphere is a curved layer running 
paralld to the earth’s curved surface with an upthrust in 
the central part * 


(1) World’s Lowest Tract of Land-^-anl 
extensive plain at the base of[. 
Mt Mauna Kea, Hawaii or Sand- 
wich Islands, North Pacific 
Nots^Por fttfther putticulan vHt lum 82. 


ISAIOft Of 
3tiiele8 3f.60yde. 

bdow sea level 
(JEm9a.Br^l929) 


m 0 World’s Lowest Lake^the ) 1.292 ft bd<w 

J)eadSea ; eeu level 

Not4t-4t is a de^Uue lake about S3 mBes long with an avenge width 
0f ID miiee and a nasiniiim depth of 1.308 ft It lies in a vast depression, and 
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•Ht tiad iratt tqp Imn^ aibtep mooataiu co m ikw ^ dt Mm Uarniimm tM 
MUMtotoiM or «tmta of both. In i^aoet along tihie Aon tower iqi p nc lpite lii i 
dgla to a hdght of about 2,000 ft. The ground around tbt lake 
eonaieta aalt-marahea, desert idains covered with salt inoiMtatioi^ 
^oeka of (ock'Salt and a nuirshjr plain covered with reeds and deseit 
vegetation. For Ute moat part, therefmre, the Dead Sea is sonounded bjr a 
vast, sterile, desolate wilderness. The sun's rajrs an scorching and the 
air is salty. 

Wldle the pnqxHTtlon of saline matter in the ocean is 4 to 6 per cent, the 
Dead Sea has a salinity 23 to 25^>er cent. Its water is so salty and bitter 
that i|f>|mimallife can exist or survive in it, and fiA carried down by the 
cuneato of«the Jmdan river die in a short time. The ahncwniil salinity of 
the lake is due to the washings of the salt-marshes and ndt-salt hills and to 
the very rapid evaporation caused by the fierce rays ci an unclonded api 
and to a lesser extent to the bracki A sprinp in the region. The den^ 0 | 
the Pepd Sea water is roughly 1-16 and it increases from nmrth to south. So 
that at the southern find it goes up to 1-25. A person who wades in the lake 
finds when beta about nedcrdesp that be is swept off his feet and that, while 
swimming, the shoulders remain the whole time above water. 

The mineral resources of Ae lake are now being exfdoited fay aJBsitiA* 
Company called the Palestine PotaA, Ltd. As it was found that theater St 
a certain depth omtained more salts Aan the surface vmter, iron pipA'!%!ve 
been laid at a depth of 175 ft, and the water is carried by means of wooi^ 
pipes to the evaporating pans. Owing to the intense buoyancy of the wattf, 
Ae divers employed to help in laying Ae pipe-line under water met wiA 
consideralde difficulty in their operations, and extra weights bad to be 
attaAed to AA suits to enable them to dive to and stay at the Suited 
depA. The salts present oAer than sodium chloride (common salt) are potas- 
sium chloride and bromide, calcium sulphate and chlorides of cal cium and ma- 
gne8iom,themostidentiful being magnesium chloride, Ae percentage of which 
to common salt is nearly2 to 1. The quaptity of potassium salts in Ae lake 
is estimated at somethii^ like 2 billion tons, while that of magnesium chloride 
may amount to 30 billion tons or more. Fresh water for the needs of Ae 
PotaA Works and Ae working community is obtained from the Jordan. 
In 1931 over 13,0&) tons of carnallite (crude potaA salts) were harvested by 
mechanical methods, and a small plant installed in February of that year was 
able to ittoducy over a ton of refined bromine daily. Besides this product, the 
Dead Sea waters are now made to yield large quantities of mineral sake 
useful for the preparation of fertilizers, chemicals and medicinal drugs. Tlie 
term ‘Dead-Sea fruit’ may therefore shed its Afipter import and acquire e 
uew meaning hereafter 1 

( 3 > World’s Lowest Group of Thermal > 1,200 to about * 

mr Hot Springs— those in the ®84 ft, below see 
Iordan Valley, ralestine ) 
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Copiout stteaais of tiiii ■ptiat floir itto ttdi 


:.yW».iJoBg Um mouataio gofies. The watera of theDead Sea poaaeaa vabudde 
captive prapertiea aad are particolariy beoefidal in rheunatiaai aad aUa 
■■ j ^a eipe a . Iliere are hot springs also vound the Sea of T^oiaSi a saudlp 
bike aitaated doe north of the Dead Sea and connected with it by the Iordan 
(frar. It has semal Ubiical names and is mentioned in the Gospels as the 
Sea of Galilee. It lies 684 ft. bdow sea level, and at least one spring lies 
bdow the tevel of the lake. 


These qwings have been hunous rince the time of Joshua ( 1426 B. C. ) 
The temperature in the largest is57'8** C. (136° F. ). 


' ( 4 ) Situation of the World’s Largest ) 84 ft bdow 

Lake— the Caspian Sea J seaievd 

Note.— It is a salt-water lake about 800 miles long aid 100 to 275 miles 
tatoa^. Its maaimum d^ith is 3,104 ft, and it is the second deqwst lake 
iatbbPorid. 

. Hisdiest Mound built by a Bird ... 14 ft 

» . . Nateo*-In Northern TerritcMy andQueenalandin Australia is found a large 
qiedes of jungle-fowl, or scrub-fowl as it Is also called. Its scientific name 
•iB Tumulus or Afegapodius DupuryL By scraping together 

stones and decaying v^table matter, it buildb its nest, an 
bngBw mound rising like a crater. In the centre at the top, at a depth of 
it deposits its eggs which are hatched, not by incubation but by the 
^liit generated by the decomposing v^etable mass. Plenty of these mounds 
m met with also in the islands about Endeavour Strait:and round Cape 
York. One mound measured by the ornithologist Gould was 14 ft high and 
ISD ft* b drcumference. 


- (6) World’s Highest Tennitaria or ' 

White Ant Nests— those in Nor- . 20 ft 

; them Australia (Northern “ (SncteL Br.. 1S29) 
Territory) * ' J 

Note.-rTenniteSiOr white antsastbeyare populariy caned, are amongthe 
pMt h^Uy organized in the insect kingdom. They are prindpatty confined 
io ttopicai countries and are found in great abundance in Northern Australia, 
j&iiitbAiiiaica,Eastand West Africa. Their nestsarepyramidsorconea built up 
pwrtfciea of earth cemented so firmly that they are said to be capable of 
beariqg the weight of three or four men. The termitaiih of Northem 
Australia, readi a maximum he^ht of 20 ft and are 12 ft in diameter at the 
bate. Bnndtede of termite nests, 15 ft high or more, are found in parts of 
Ugaads in Eaat Africa, afaSoting up at regular intmrvata, the fianka of the 
jigger odea being broken by little accessory cones. The interior of the nest 
Is 8 veritable labyrinth divided off into numeioua irregular cdia oommu- 
Ucating with eadi other by galleries. Eveiy termite colony has its litfie 
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ils woclU^ EflifnD^ to flte lotcridr b aflbirfed ty liUtefi*iiati^^^ 
uodstffsoij^ The deep^ fecaMea ure the tearliig ptooee the 

broods In a large chamber in the heart of the neet reaide the king and the 
queen which are much larger than the other members of the colony, and the 
royal apartments are guarded by a regiment of soldiers. The que^ Is 
§ repul^ve creature with an abdomen enormously distended with eggs, and 
has a skin so transparent as to render visible the tubes and strings floating 
about in the liquid Interior. A termite-queen has been found to lay 1,000 
eggs in one night The eggs, as they are dropped, are received and carried in 
their mouths by rdays of workers to minor chambers throughout the nest 
The chief enemies of the termite fhce are spiders, toads, lizards bats. 

The French naturalist Dr. P. A. Pouchet refers in his book The Uhkferee 
to tenhltaria which contain chambers so iaige that a dozen men can find 
shelter in some of them, and says that hunters place themselves in them to 
lie in wait for wild animals ! 

(7) Height reached by the world's first 
experimental, manned, Rocket- 
dnven * Aeroplane— Germany's 
‘Man-carrying Fireworks ' 

Note.-— The hero of this daring experiment was Fritz von Opel, a famous 
German sportsman, who helped in the development of the spectscohur * 
rocket-propelled motor car. The rocket-plane in which he made 
mental flight was a bullet-shaped monoplane, a 'winged sky-rocket 16 
powder rockets, each 18 inches long and 3 inches In diameter, were plat^ ^ 
in the metal compartments at its rear, their recoils being counted 
propel the machine. Three 10-lb. rockets were exploded to launch it ai^ 
the others exploded during the flight. The rockets, as they burst, ejected 
balls of flame and clouds of smoke. The following graphic desciipfion* of the 
flight appeared in the Press in October 1929 as a special calfle from 
Frankfurt 

'A dense doud of smoke with a ball of fire in the centre, moving with 
lightning speed through the air with a deafening din and suddenly falling to 
the earth, caused consternation in the countryside. The phenomenon was 
Fritz von Opel who, strapped into the asbestos-lined cockpit of a rocket; 
driven aeroplane (^Itbout engine and propeller) of which he is the designer, 
was hurtled into the air by means of a ro^et-drlven truck, which ran along 
the rails till it struck a buffer, the aeroplane being thence catapulted- 
into the air, a bgttery of rockets behind the wings continuing the proindsion. 
The machine travelled over a mile. The pilot was exhausted. This is the 
first time that a rocket machine has had a passenger.* 

(8) * Elevation of the World's Coldest I 

Town— Verkhoyansk, north-eas- K iw ft 
tern Siberia, 6? 30' N., 134® E. J • 

.Note.— In winter tfae pierdng Arctic winds sweep over the VBs^ 
utopitable, treeless pkuns known as towhas whirii lie ia Oiei 




traverse also sparady vrooded regi<»a sadt as thoss 
(rf tiie Verkhoyandc Motmtabs in ncxrth’eastera Siberid. 
iTbera is a small area here lying on both sides of the Arctic Ci^o 
fuid aQ>arated fran the sea by nearly 1,000 miles. Its amraal rainr 
IbU is below 10 inches, and while exposed to the chilling blasts d 
flie north, it is absolutely cut ofiF frc»n the wanner south-west winds 
by die great Central Asian plateaux. In the winter, which is ex- 
tremely severe, the ground lies buried in snow, and the atmosphere 
bec(»ies laden with frozen vapours. Rivers freeze rifidit to the 
bottom. Trees become frozen to their cmre, and the axe^ in spite 
of the hardest strokes, foils to make an impression upon thenu 
The^ average winter temperature at Verkhoymosk, a town in this 
reidODf is -49**C. (-56‘'F. ). Sometimes the thermometer drops 
to ?65'*C. ( -8^F. ), the lowest temperature recorded being -69^C. 
( -9^F . ). The mean summer temperatpre in this area 60^F., and 
with its average winter temperature of -56*’F. it has the enormous 
• range of 116^F. In fact there is a greater variation in the tempe- 
ndnte la this r^on than is found anywhere else on the globe. A 
fedogist of the Russian Academy of Sciences has discovered a still 
pdder spot in this area in a valley of the upper reaches of the Indi- 
girka rivor which are surrounded by mountains 7,000 to 10,000 ft 
hkdi- The mean temperature here from December to February is 
from I* to If* lower ban that at Verkhoyansk. The last Metecaolo- 
gical Glossary mentions the lowest temperature registered on the 
gorfoceof the earth to be -93'6'*F. (-6^’8C.). Even in Antarc- 
^ the averse temperature has,been f 9 und to be -51** C. (-60^ F.) 
In winter, and near the ice-cap of Greenland -50*5^ C. ( -59^F. ) in 
Jannary mid February. 

Amember of a mountmneering party to Mt. McKinley (20,300 ft.) 
in Alaska reports having found at 15,000 ft. thermometers which 
had been left by a previous expedition and the attojv-naatkers of 
whkdi pointed to temperatures lower than -9^ F. He adds that 
there are also indications that a temperature of -lOtT* F. ( -73*3^ C. ) 
had been reached. * 

If such are the records of extreme cold the earth has to show, 
iibU are toe repords oi mctreme heat on it ? It is well known ^ 
all tho tro|acs are toe hottest, bto'ev^Q bara it ia toe dpsrt 



ar^ whtfe ite hrisnsHy & 

as la^ is oonceni^ the Pat Desert M Shidh ic^ the Bsb 
Jaoobabad, the chief station in Upper Sindh Frotitter DktHct« is the 
hottest town in India. One Jane day in 1919 the thermometer here 
pse to 127^ F. The highest temperatore recorded at this stStfoSt 
daring the sammer of 1932 was 123° on 23rd May. Mazimam 
temperatures a degree or so higher than 120^ have tdso been record* 
ed occasionally at other places both in and oatside Sindh, diief 
among these being Hyderabad ( Sindh ), Deesa, Jodhpar, Maltan,- 
Montgcmieiy, Lahore and Dera Ismail Khan. As the land in and 
near |acobabad is well irrigated and the town is more or less shei* 
tered by trees, the sammer temperatures at the villages |a the mo^ 
arid ports of Pat Desert are probably some degrees still^igher flub 
at Jacobabad. Owing to its most scanty rainfall, Upper Sindh Ins 
a longer sammer than any other part of India. Its Frontier District is 
hotter than even Iraq or Arabia. At Baghdad the highest tempera* 
tare recorded is 123°. The hottest area in Asia is the Jordan 
Valley in Palestine, where the thermometer in sammer sometimes ' 
rises to 130^. The only other region on the earth where- a still 
higher temperature has been roistered is western Sahara, where the 
hi ghAjat day temperatore recorded is 132*81’. The higdisst ni^ht 
temperature recorded in the whole of Sahara Desert is 104°. In 
sammer, at Shikarpor and other places in Upper Sindh the refulings 
sometimes do not fall below 100^ even at midnight for wec^S to* 
gether. Yet the extremes of temperatures here are remarkaUe, In 
winter the temperatore at night often falls below freezing'point^ and 
ice forms even as late as Febroary* 


(9) Verticjd Height or J3ei^t| 


ISO ft on Canadian idde 
and 

164ftcnU.&aide 


atove the pool of the WorL _ 

Broadest Waterfall— Niagara ( 

(‘Thunder of Waters') ) 

Note.'— Kiagare'a total breadth at the brink is 4,750 ft, bat an idand 
in the named Goat Island, about 1.000 ft wide, divides the Fall into 


two parts. The width on the Canadian side is over l^TSO ft and 
on the U. S. aide roughly 2,000 ft The waters ploitoe into a diasm about 1,000 
ft wide, and it Is estimated that about 11,170 tons of water precipitate then* 
sdves into the chasm every second i The Falls have been harnessed for the^ 
genetatton of electrical enmigy, and part of tbit terrific force is uaed fo# 
Ihe lights which are turned upon Niagara at night Attenpti ate 
bsing nuule to teosdcMt the roar of Niagara across ths Atbutiei 



to which a has^ 
loundio throw up jete Of hot water 
at an eruption 

Not«**--Geysers are bdUog springs which* like volcanoes* are subject 
W iatecmittent eruptions. At such times they eject columns of boilin|r 
umter^ steam* mud etc* sometimes with loud explosions. Their high tem- 
perature islargely due to theheatingof the walls of fissures In rocks whicfaare 
S«d>jected to volcanic Influences, whereby the water Is gradually raised to the 
bc^l^ point under pressure and explodes Into steam when the pressure is 
rdieved. An Interval of time must dapsa before there can be a repetition of 
the process. Geysersresultgenerally after powerful volcanic eruptions In thdr 
vicinity have ceased. They are most numerous in the Yellowstojie National 
Park Area, Wyoming* U. S. A., and in Iceland* one of the most volcanic 
regions on tl%earth. There are nearly 1(10 geysers in each of these two coun- 
t|tear The Ydlowstone region contains* besides the geysers, upwards of 3,000 
nqiltreruptive thermal springs. The largest geyser in this area is the *Gtant 
Geyser*, which begins an eruption by filling its basiu with boiling water, 
forming a well about 22 ft across, with a visible depth when quiescent of 
100 ft It throws up its main column of Water to 60 ft or more* but 
a thinner spout rising from its apex ascends to a height of 250 ft above the 
• ground level The explosions attending the ejection of hot water are 
preceded by clouds of steam which rush up to a maximum height of 500 ft 

The laxg^t geyser in Iceland is the Great Geyser* which ejects a cdumn 
of hot water, with loud explosions, sometimes to a height ^ over 100 ft 
The eruption ends in a cdumn of steam which shoots up with terrific force 
and a thunderous noise. Non-eruptive hot springs are met with practically 
thfxmgbout the island. In the volcanic areas sulphur springs and boiling 
mud lakes are common. All these phenomena are due to the operation of 
common underground forces. 

(11) Maximum Height of natural * Earth Pillars ’ 400 & 

• t 

Note.*-The8e are formed by the accumulation of soft earth *and other 
nmterials washed away by rain. The highest are found in the Sawatch 
( in Colorado, U.S.A. ) — ( S Zamhra ) 

(UQ World's Tallest Tree— the EsfcafyMus ) 

Antj^dalina, the mammoth Gum Tree > 480 ft 

of Australia *) 

Noto.’X'Trees of thii pbenomenal hdglif have been fdled. They were 
too ft in drcnaiferenee the stem. The Eueafyptus Gigmtta, another 
i^ecjea of the Bocalyptus, and the Siquoia GigtnUa or WMnglot^, the Big 
J^trf Califomia, though wt as tall, ate other tteea which grow to greet 
^h^hta. The Sequoia ia a magnificent genns of evergreen coniferofa treee^ 
J|h»the,pine«Uid thecyiire8a. The tatle8t,eaaed*The Beauty of the 
ii in Calamaa (kNttty and ia 327 ft high. We aiw t(dd Iqr Ftgibdbet tfM 


}■ 


2S0 ft 



Sanflmiicj8a> *irfnio was'pla^ and a batt |iv«n to noie thaa tiTentjr 
penona 00 the BtiUBp of a WdUogtotUa whk^ been 

(13) Elevation of the World's Latest f¥«h-| ^ ^ 

water Lake— Lake Superior, Canada j w»w- 

Note.— 4te length is 383 milea, maximum breadth 160 milee and steatest 

depth 1.180 ft 

(14) Height which Sand Dunes or Sand Hills ) » 

have been found to reach 1 


Vlote 

hillocks of blown sand which skirt the coasts of Holland 
England, Spain, Java, Peru and other countries, '^ey are also 
formed on windward coasts of large inland lakes iJving saoc^ 
shores and in desert areas like Gobi, Takla-Makan, Eastern Sindh, 
Arabia and Sahara. When sand-storms break, the sand rises with 
great force and often forms numerous hillocks with passages 
between of varying width. The average height of dunes on shores 
is 50 to 60 ft. On the sooth coast of Java they are 50 ft in height 
and 300 to 1,600 ft. in breadth. Dunes sometimes reach ccmsidera* 
bly greater heights and on the coast of Holland they occasionally 
rise to 260 ft. In the Takla-Makan desert and in the sandy wastes 
in the interior of Australia they are often 200 ft high. The world’s 
record, however, is held by the San Luis Valley of South Central 
Colorado in the United States of America, a country which contaiiis 
large desert tracts. In this valley the dunes sometimes attain 
heights of 700 to 800 ft. above the surrounding land levels. In the 
distr^ of Thar Parkar apd Su]^ur and the eastern porticms 
of Khaufuir State in Sindh, the desert tracts, known as the 
Registan, consist almost entirely of ranges of sand-hills, picturesque 
owing to their bold outlines, some of these hillocks being fairly well, 
wooded. 

A well-k^wn phenomenon of the desert with its boundless son- 
baked wastes is the mirage, an optical illusion often seen by travel- 
lers. It is caused by the refraction of lii^t through contiguous 
strata of air of different densities or temperaffirBS. This refraction hce- 
Qosi^-prodooes a visual ^ect similar to that of direct re&ctioty, 
Sometimes, the mirage assumes the appearance of a sheet wi^ 
teBecting the shadows of objects within and around the plain, hid 
9 
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wifli its pate trsM ainpw to bi close :ib^ 
Jbb Onioid «ye of ^ Betoisis sometimes deceived bvtiiis Idwib* 

QieilOlL 

IVovd^^ often report having met with what are called *mosicd 
eands’. Different explanations are given hy writers as to the can^ 
of this strange phenomenon. Says the Evening News of India of 12th 
Angnst 1931 : — 

*The Bertram Thomas expedltioit to the Empty Quarter of Arabia 
brought back some weird accounts of that eerie phenomenon. 'Musical" sands. 
Sfaging sands, laughing sands, barking sands, moaning sandsr-natural pheno* 
niena*-are responsible for generations of fantastic travellers' tales and native 
8apersdtionl||Qf buried cities, and sinister underground populations. The 
^mhaic'* varies from sonorous rumblings to the high-pitched notes of a 
efring^nstrument. Authorities differ as to the cause, ^me hold that mil- 
ffons of grains of sand of the same size, in regular* impact, produce the 
iOttsd waves, audible as uncanny, supernatural voices of space. Others, 
that sand grains are coated with salts, which form a film after the evapora- 
tion of water. As the grains rub together, the film produces a sound com- 
parable to the action of resin on the bow of a violin. Singing beaches are 
more common than singing dunes. Of the former there are some 74 in 
America. There are laughing sands in South Africa, rumbling sands In 
Chile, moaning sand dunes in the Western Sahara between Timbuctoo and 
Morocco, musical dunes in the Libyan Desert, and barking sands in Kauai, 
one of the Hawaii Islands. Singing beaches perform only when the sand is 
dtetorbed, but the strange voices of the desert dunes charm or terrorize, as 
die case may be, in moments of the most impressive stillness.' 

It is said that Wsical sand’ is composed almost wholly of clean 
£oaxided particles of quartz, and the more rounded the grains as is 
fbe case with the desert sands,* the finer is the music sent forth 
tirihen wind causes them to mb together. The only ^singing sands’ 
#a have beard of in Asia are those found in China; in Europe 
mo$e in Eigg Island, a small island west of fnvernessshire in 
Sa^tland; and in America those of Par Rockaway in Long Island 
near Now York. 

(15> Average Elevation of Australia 822 ft 

N4HKs.^t1ii8 means Aat If the surface of this continent were reduced 
tea indbnn levdi its height above the sea woidd be SS2 ft 

(1®) * Vertical Heirfit or Height above the > «« «, 

pocdoftheGo^ I ' 
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: Note 

A'cea rt diwaildiB pait of tbe mitadal foi^t^ dMwirltov 

the Diatrict Oaaetteer, Kanara, Bombay I^rB^dency, i88Jk Theae* 
mis form tiie highest cataracts in Asiaand fii^ highest in tiie world, 
they ate sittiaM in the midst of dense evergreen forest fhe> 
frontier between Mysore State and the British District of Northi 
Kanara. From a backgroond of richly wooded hills foe i^foresKitieM 
river Shiravati meanders southward shining like molten sdvenb ntittt^ 
near foe site of the falls it is divided into font distinct streams bf> 
hnge ^lasses of rock. These streams, after flowing to short distances, 
plunge info an absrss about 230 ft broad and 960 ft deep. The 
pool below whidi receives this stupendous volume of w|ter is 130 
ft'deepk so that the falls have a vertical hei^fot of 830 ft- Ihe prin* 
cataract called foe Raja tumbles sheerover foe cliff as a . vast 
torUd torrent untii’it disappears about 300 feet below in a sea of 
spray. About afurlong and* a half to foe left is foe Roarer; so 
named cm account of the furious tnrm<^ that accompanies its 
After a short course down a precipitous channel, its waters are^ 
caught in a basin and from there rush along a sloping wall of todk 
until they develop a momentum so great that the cataract continues 
ite raging career for some 50 feet across empty space on leaving foe 
lower edge of the precipice and unites with the Raja, the two great 
falls thus assuming the form of a capital K without foe lower* arm. 
Alittle over a furlong to the left of the Roarer is the third fall eftllutt 
foe Rocket. Tumbling straight into the chasm for about 100 feet 
<m to a projecting tongue of rock, this cataract sweeps downward in 
a smooth, graceful curve, ejecting glistening jets of spray and foeets 
of foam. * Some 500 feet to the left of this beautiful cascade is the 
fourth and last foil. La Dame Blanche or White Lady. Unlike its 
sisters it descends gently down the cliff throughout its career ‘like 
folds of silver gauze shaken by giant hands’. 

At the height of the rains the four cataracts unite into one magnf'^ 
ficent and gigantic column of water, nearly 2,200 feet wide. Gforsap* 
pa then becomes the broadest waterfall in foe world, since the 
width of Niagara, as has been seen, is broken by an island. It was 
roufdily estimated by Captain Newbold who visited the Gersappa^ 
in August 1845, that at this time of foe year nearly 1,200 tons 
^ water w^ being hurled over fon cliffeveryseoand^^-ifookfo oiMs 



liii^ t^ qtpajdtsr ci dowt^poat at Nkgam. fliondats of 

which seem to ^lake tho sonoonding ngkm 80% hoard 

ipt; n)3e$ aroiuxl m 

: The most impressive view of the abyss and of tiie falls in their 
descent is that afforded from the top of a rock which projects a 
fittle from the edge of die cliff near the Raja. Here the visitor lies 
dkimrn as a measure oi safety and gases into the dizzy abs^ The 
greater part of it is shrouded in the deepest gloom. We cannot do 
better than reiaodaoe Newbold’s desdription of the sight below 

*Ilay on this shelf and drew myself to its edge, and as I stretched my 
head over the brink, a sight bunt on me which I shall never fmget I 
have since looked down the fuming and sulphurous craten of Etna and 
Vesu^vn, but have never experienced the feelings which overwhdmed 
me in the fint downward gaze into the abyss at Getaappa. One m^t 
gaze f<ff ever into that seething chasm where the mighty mass the 
Shiravati’a waten ceaselesdy buries itself in a fidst-shrouded grave.’ 

The pregent writer had the thrill of witnessing a remarkable 
^leaomenon at these falls in December of a certain year. As he was 
gttvitig bmn his station near the brink of the precipice into the dark 
this yawning abyss, the sky was suddenly overcast and aheavy 
shower of rain followed. On its cessation a sea of mist rose from the 
chasmand rapidly enveloped the whole area around. For a few mi- 
BQtes, wherever he turned his eyes he could see nothing but white 
cloods-^onds around him as well as at his feet, and with the clouds 
also overhead he felt as if he had been suddenly transported into'ffie 
iMMurtof doudland high above the earth. With the reappearance of 
tiie sun soon after, the mists gradually melted away and then followed 
• gorgeous rainbow which sparfhed the gleaming columns of the 
fonr great falls. 

On a sunny afternoon during the rains will be seen here a tnrent* 
bow, a similar arch of prismatic colours formed abmre the spray of 
tiie watm by the refraction and reflection of sunlight. The pheno* 
menbn is described in another connection by Tennysoa, who could 
as well have penned the lines in reference to these falls : — 

’Ftom these four jets four cunmitB in one swell 
Across the mountain stream’d below 
In misty folds, that floating as they fdl 
\ Lit up a torrent-bow.’ 

The din and turmoil, the clouds of spray that rise front flie 
nb^ flie sheets of ipani thrown up b^ tbe turbulent^ ^yaterSf aU 



tinMt giv« impns^ Of pownrs of dnrlaiMS: labcMtttttbr 

at ia tlie dqpdw below. Bynui'a gr^diie, dMcriptkMi of 
Cataraict of Valino could aptly apply to the Falls of Geraappa 
' The. roar of waters K-^in the headlong h^ght 
Vdino deaves the wave-worn preciidce ; 

The fhll of waters I rapid as the lhd>t 
The flashing mass foams shaking the ab^ : 

The hen of waters 1 where they howl and Mss, 

And bon in endless torture; whfle the sweat 
Of their great agodSr. wrung out from this 
Thdr Fhl^ethon, curls round the rocks of jet 
And mounts in spray the skies, and thence again 
Returns in an unceadng shower.’ 

The petrological formations of Shiravati’s bed and bf the area 
of the foils are of the mettmorphic type, consisting of gneiss and' 
several varieties schist of andeiground origin embedded with 


hisnlphide of iron. . 

Owing to the increasing demand for electricity in its territory, 
the bordering State of Mysore has a big electric power generation * 
scheme at these falls. The Durbar in consultation with the Bombay 
Goverrunent has completed arrangements for preliminary snrvejrs 
and gauging operations in connection with this project. It is esti« 
that if hydro-electric power is generated from the Gersaiq;ia 
Falls, an output of 80,000 horse-power can be developed ^tb a 
storage reservoir of about 42 billion cubic feet capacity. ^ 

(17) Average Elevation of the Surface of Europe >S65 ft 

(18) Height ( above raround ) of Fracto- I ^ ^ ^ 

^iiMUS Clouds, popularly known |- 300-ujooft 

as* scuds’ J 


Mote.— These are loose vapoury douds detached from a rain-doud 
and drifting rapidly. They form only when a strong wind ia blowing. 


(19) World's Highest Suspension %idge 'i 

— ^the bridge that spans the Royal >• ft* 

(}orge of the Arkansas River, U.S. A. j 
Note.— It is built 1.0S3 ft above the floor of the chasm and serves an 
sn aniroadi to several recent additions to foe new National Fwk 
Cohnada 


(20) Average Elevation of South America ... 
t2I) World’s TaUest Building— the Em- ) 

pise 3tate Buildiof, New Yprk f 


use ft. 



rnttl/Mm It hM 1<}2 

•nMriqs 1 ^^ for small ditigjUtt 2Q0 ft, above foe roofii At 
t (9 xd foe mast is a dUDnber fitted tip as a ligfathooae. Four 
beams <tf white light visible for apwards (tf 50 miles at sea and able* 
to pince an ordinary fog radiate firom it A second signal disjdays 
a ball of l^t from which six beams mdiate. In dayfonei an obser* 
ver (xa the top of this lighthouse would, in dear weather, command 
a horizon cd more than 40 miles. ThI limit set fot skyscrapers by 
the American Institution of Steel Construction is 2,000 ft There 
ate to*day nearly 400 skyscrapers— -more than 20 storeys lugb— in 
the United States of America, half of them being in New York 
dfotie. 


Hereate someofoer tall structures in the world i—' 


(1) BSi foanbaz, Bijainir. India 
ATJi.— This is the famous tomb built by Sultan 
Mahomed ( 1426-1656 ) as the last restii^ place for 
hima a lf and hia family. The buildii^ Is crowned by 
a massive dome, the largest in the winld, with a 
dhuneter of 124 ft The he^ht of the dome from 
ito base Is 90 ft. Its inner apex is 175 ft. above the 
fieor at, the buOding, and as the dome is at this 



.|ilaoe23 ft thick; the total height of the building 
^oomes to 196 ft 


Tungcbow Pagoda, Giina About 200 

(3) Kutab MinSr, Delhi, India 238 

(4) 111 Vierge Ughthouse, Finistere, l^ttany, 

France 247 

Tallest Minaret in Cairo, Egypt 280 

(Q St Peter’s Cathedral, Rome *333 

(7) St Paul’s Cathedral, London 365 


^ Chumnnile (Bell-tower of the ditoch ), „ai, 

Cremona, Itaty ^ 

M A-«Etected in 1261-84. In the third stmrey 
tttetf’oMiaiidps astronondcal or astrological dodt 

^ CtfoatPyrandd, 6izeh, Egypt 451 

M foe base this monument is 700 ft. 
leii|p> Wwasetac^ about 3000 B. C. and is even 
ipday ragasded s^ « marvel of arfoitecture and 


Mmd0rcf 

Stonys 

1 


13 

S 


21 

25 

28 

3i 


34 



A xowts nopo9»Bitk& 
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CitbedtalofStraaiboiiiB, 

(ub Cathedral of Cologiie^ Getmany 

MB.— This is the worid's finest of 

GotUe ardUtecture. It todc ^centuries to build, 
\he foundation being laid in the 13th century. 

(12) WaUiii^ton Monument 

(13) Wodworth Tower, New Yoric 

(14) Eiffd Tower. Paris 

N, Bj—lt is the world’s tdlest tower and is 
named after Alexandre Gustave Eiffel, a famous 
French ei^eer, who constructed it in 1887-89. The 
first storey is 200 ft. above the ground floor, and the 
second TOO ft. above the first. 84 ft. a^e the 
second storey is the sky chamber in which Eiffd 
used to iive out of a love of^fresh air. Lifts, for 
which a small fee is. charged, ’are now available to 
cany visitors to the top. Frequent examinations 
of ^ hydraulic bases of this tower have shown 
the foundations to be still as solid as when they 
were first laid. 

(15) Qirysler Building, New Yoric 
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(22) Average Elevation of North America ... 

(23) Averse Elevation of the Ea];th's entire ) 

Land Surface > 

(24) Elevation of the World’s Deepest Lake— ) 

Lake Baikal, Siberia j 

Note.— Its length is 421 miles and breadth 15 to 46 miles. Its coast- 
line is miles tong. The greatest depth of the lake is 4,996 ft The bed 
here Is thus 3,477 ft below sea level. The lake is connected with the dty 
of IrfcutSk'to the west by the Trans-Sberian Railway. Mineral firings and 
hot ■UcaiiiM* eptings exist at various places round its riiores. It is surround- 
ed by granite ditto which often rise sheer from the water’s edge in Icffty 
wall% but they do not shelter the lake from the winds. Sudden storms 
arise and lash its waters into huge waves, and at such times it presents the 
appearance of « sea. In fact, owing to its enormous depth and the presence 
of seals in its waters, it is considered probaUe that in the remote ages the 
take formed a gulf of the sea, though geologists hold that it was at no time 
C(»uiected with the Arctic Ocean. The bdief tlulk it was originaliy ptobahiy 
a pert of the sea is sutmorted by the geological theory exidained under 
Item 122. 

A Near the northern shore of the lake lies the Island of Ottchen, toUdi is 
inhabited. WJthanaieaof32fflileBbyl0ffii]es,ltisoneofthq]a«NtIek6< 


1,350 ft 
l«440ft 

iBisa 
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Tlte deepest wnadlac idEea!^ 

lilift teke to exttSiiadiiart^ dear. TheeoMEiQato (raeea 

lt<MB jiBOaiy ^ the second half <d May ice over 3 feet Wd 
; the lake to crossed on dedges. .. 

Average Elevation of Africa ... ... 

, ■ ■■■ • 

( 26 ) Average Elevation of Arfa ... ... 


Note 

Tlie lower of these (1,155 ft) are situated at Sitaknnd, Chitta* 
gong District, Bengal, which contains a number of temples. Sitakund 
lies on the of a range of hills and, is a welbknown place of 
{Hlgrimage visited by people from all parts of the Province. An 
interesting feature of the locality is the inflammable gas which issues 
sbwly from crevices in the rocks. 

The other springs ( 1,958 ft ) lie in a temple in the Beas valley 
b the Kangra District of the Punjab. It is an important place of 
pilgrimage. Sir Louis Dane, a former Lieut^Governor of the 
Province, who visited it when he was Assistant Commissioner of 
the Strict, found there devotees from so distant a place as 
Hyderabad ( Deccan ). The temple is built over jets of a natural 
gas which is combustible. In the interior is a square pit about 3 ft 
deep with a pathway around. In the middle of the pit tiie rock is 
slightly hollowed out about the main fissure, and wheirsi light is ap^ 
plied here, die gas catches fire. • It escapes at ma^ otter points 
from the crevices in the rocky walls of the pit, but it collects very 
iioirly. The attendant Pujarit or worsbii^s, whte there is a 
ii^ox of {nlgrims, keep op the fire with ghee (clarified butter). 

fiaming fissure is believed to be the fiery month of a goddess, 
ttbd brnmette name Jwillmukhi ('She of the Flaming Mottfii’), 
wdioae headless body is said to be in another local temple. This steiue 
is meatjansd in the MSnasa Ktenda of die SloUda PurSpa, the Hfth 
dfdm lS IbiSpas (rei«lon^ of the Hindus), which conh^ 
a dtatogoe between King Dbanvantari of I^tohi (Benares) 
Itessge DaittMsiya. Replyii«toaqoe^imi by tte king 
Ilia fo^ by which a pilgrim should make the return joiiiWqr fiEOut 



iitcrdd lallie of MSiu^ nan^ ^ 91 % plien 

to ^ vfeitejj on the way, Jwala Tirtha ( i&ntified as Jwaiann^! ) 

{digrim is required to worship the sacred foe and bathe in 
iPafonSvati, thus completing the pilgrimage. The diadogoe 
between the king and the sage forms part of a long story narrated 
by Suta^' a pupil of the great sage Vyasa, to King Janam 6 jaya, the 
son I^ikshiti. All this shows that these sacred springs are of 
hoary airtiqnity. ' 4 ^ 

In the vicinity of Jwalaiftukhi are six hot mineral springs. 
Their water is impr^nated with sodium chloride ( common salt ) and 
potassium iodide. 

Natural gas like that at Sitakund and Jwalamukhi generally 
oixurs in petroleum-bearing areas such as those of Assam, Batina 
and Java. The oil-bearing tegion nearest to Jwalamukhi is Khaur 
near Rawalpindi, a place also in the Punjab situated some 250 
miles away. The gas,.thougU invisible, possesses a perceptible odour. 
Our ancients therefore must have discovered the Jwalamukhi 
springs in the course of geographical exploration. 

Java contains a similar example in the gas-fountains or holy 
fires of Melati Derat. These have a historical significance. In 
utilizing them for lighting holy foes the Hindus who colonized the 
island in olden times were evidently influenced by the example ai 
JwSlSmukhi. 

The gaa is more widely distributed than oil. There are numerous 
places where it has been found but no petroleum occurs in the 
immediate yicinity. Like petroleun^itself, the gas is for the most part 
composed* of hydrocarbons. In the Indian and Javan holy Iprings it 
oozes out ^owly and in small quantities, which accounts for the 
absence of an^ serious fire hazard around them. In the 
fields of Oklahoma, Southern California, Texas and other great oil 
centoea in America, the gas occurs in a compressed state and conies 
oht hi considerable quantity, often in the shape of giant gushers, 
spouting oil high irfm the air. In the rich field of eastern Texas 
ttai buried gas is so compressed that its pr^sure not only lifts the oil; 
surface but is used to drive the pumps. But as the gas is <• 
inflainmabldf the exhaust gas is burned and tonguas tdl foune 
as W 30 feet dart forth from the exhaust. Almost Up to foe' 
10 . : 



starts, tlie exhaa^-pipes are GW vii4 ke 
ilttii^rast bjr the chillinff efiisct of t^ ra^dly expudidg gas. 

: A ranarlcal^ instance of how compressed natural gas wikie* 
times reveals its presence in a startling manner is related in Pop^r 
SeUtux Monthly of July 1932. A citizen of Los Angeles (Cali- 
fomia) recently planned to build a house on a piece of land at one 
comer <rf which *was a depression about 10 feet across. This 
depression was the site of an oil*iwell abandoned long ago. The 
work of construction was about to begiii; when one morning a deaf- 
ening outburst aroused the neighbou^ood. With a terrific roar a 
column of mud and water, propelled by a heavy accumulation of 
natural gas, rose from the depression and shot up 150 fedt into the 
air. For four days the mud rain continued, until at last the pressure 
subsided. 

According to the organic theory of tKe origin <}f petroleum, which 
finds acceptance witlynost geologists t(^-day, the components of the 
hydrocarbons occurring within the earth’s crust were generated from 
• the remains of microscopic organisms of plai^ and animak of 
marine origin embedded in .^sedimentary formations. In view of this 
theory and the one explained in some detail under It^ 122, the 
regions in which Jwa l a rfmkhi and Sitakund are situated* must have 
mriginally lain under the ocean. 

( 28 ) The remarkable Chilian Baths, ChUe, ) giiso ft 
South America j ‘ 

Nete.-^These are mineral sprii^cs— sulphurous, ferruginous, alkaline 
and saline, both ice-cold and boiling springs lying in dose proximity of one 
asMlIi^. Jbi. India too there ar^ simil^ examidea the cold and hot 
» sprinir!||^ dose to each other and showing mariced difference in thdr 
temperaholts. One group is situated at^^ sacred place of Gaurikunda on 
UK hbmfUtkini river between the iOmdayan shrines of Triyugi Narayao 
and Eddamatb. One October day at 5 pjn., when the dunperature Of the 
auttomiding air was 18<*C (Stop.) and that of the river dose by U** C. 

I Sg* F. ), the temperature of one of the sprites was 23” C. ( 74” P. ) and 
of dip other, lying within GO yards of the first, S3” C ( 128^T. ). Another 
shn&r group in the l^alayan region is dealt with||||^ on. 

A reinaikabiegroup af.8dphnr sprii^ lies in Birbhum dkrtriet of 
BeugaL^tbeieare 5 or 6 hot springs in the Baktfishwar stream about 8 miles 
■^frimiSuti.ted, separated from them by only a few feet, are a number, of 
' Near Baktddiwar there is amrther qitin^ called Snryakt^^ 
UdddbisdmhM Ito tcimierjitate ia 88” C. (180” Pf)- 



lamb SOltFji^ ft tOWBK TadPOSHPBBRB 7jf 
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It it atttad that an tgg can be bdled in ft, thoaift not rice. Suiryiiftt^ tar 
mentioned, among other «»fng8. bi the Manata Khanda of the ^caada 
pnrd^a.^ ft poets from it liee a cdd epring. 

The vicinity of Pandeglang in Java ia another place in noted for 
ita hot and cold sulphurous springs. 

• (29) Vertical Height of the World’s Highest') 

Waterfall— the Cerosoli Cascade in the h ZAfio ft 

Atps y 

Note.— This information ii taken from the BonAe^ Gwuttter, Kemara, 
partll,p.285. • 

(30) Base of Stratus Clouds ... 2,500 ft 

\Jilote.— These are low douds arranged in dense, uniform, ho rigpntsl 
bands wiasrers. The stratus is also known as the fan or night cloud. 


(31) Record Height at which Cricket’s Chirp > 9 
has beei\ heard * } 


Note.— ‘The dimbing power of terrestrial souiids has been ascertained 
by means of balloon ascepts, the ground staff co-operating where necessary. 
The present item and similar others which follow later show the results dt 
these observations. ^ ^ 


(32) Height (Vertical Thickn^)^ of the 
thiwest Valley Glaciers 


ZfiOOft. 


Note 

k 

The moisture which falls from the atmosphere upon those parts 
of the higher mountains that lie above the line of perpetual snow 
settles there as snow. This snow later on becomes an immense 
sheet with the yearly accretiops, but^while its upper pottion^^liain 
loose and practically unchanged, the lower layers are coiiipr^ssed 
into a substance called n4v4 ofi firn, which consists of ffoow as 
well as ice. Partly under the pressure of the masses above and 
partly owing to the water released by the slight melting of their 
surface snow under atmospheric heat, the lower layers become mote 
and more cornet and ultimately solidify into ice. ^These formations 
creep downwards frQg#the higher mountain valleys to lower ones 
in long protruding masses known as gladerd* Glaciers are rivers of 
ice, and like rivets they often have tributaries. As tl^ 
down the snow’line^ they gradually melt under the influence of 1 
atnl^pheric heat, produce mountain torrents mid thus supp^ the 
that to form |:ive|rs. The^ cut deep' grooves (u ^ solid 






pBisaags, In the ooone <rf their dNwttst tiiey can^ 
^Pecpmi^ts of stone that tall on them firbm the rodcy trails of tihs 
Vi^leys down which they move. Sometimes the matmials carried 
ilchig indade boolders as big as honses. The debris which thus 
aocomulates at the sides of a glader forms what is termed a lateral 
moraine. Two idaciers uniting together merge thehr ad^icent 
UitMal mmaines to constitute a medial moraine. The debris which 
is ultimately deposited in the valleys at the lower extremity of the 
glacier forms a semi-circular heap} which is called a terminal 
moraine. As a glader crawls along an irregular or steep channel, 
deep defts are often formed in it. They are frequently very broad 
atd always terminate at the base of the glacier itself. These'^are 
called crevasses. They may be either transverse or longitudiml 
according as they cut the glacier across or in the direction in which 
it moves. As the glacier passes down a sharf> indine or travels 
along a highly uneven bed, its breakage also gives rise, as in the 
Atp^ to pyramidal masses of ice, 20 to 50 ft. high, called s4racs, 
which are often found shooting op from the sorfttce of the glacier 
in large numbers. On thi!ii.Rongbok Glader, which has to be 
oxtss^ by mountaineers in climbing Everest from the. Tibetan side, 
scane of these pinnacles are as high as 100 ft. They thrust them- 
sdves up from Ae boulders which cover a great part of the glacier. 
Thes^ sharp-e^ed peaks of ice, broad open crevasses, and crevasses 
hi^en by b^oacherou^ snow-roofs present dangerous obstacles to 
monntmneers endeavouring to Cross such aglacier. Icy water often col- 
lects at the bottom of the crevasses, and with their solid chilling walls 
add ..^(^nsdy cold air these 'abyssee form Nature’s gigantic 
ndrige^tttinrs. Explorers have occasionally been engulfed in the Alpine 
crevasst^; and yemrs after, their bodi», lifelike and in perfect preserva- 
have often been given up by the ice in its slow funeral march 
ddidn the mountain side. In one case a whole expedition perished 
in a Crevasse in Mont Blanc, and their bodies were surrendered by 
the glacier twenty years later, wonderfully pr||erved. 

We may now mention some of the biggest giuners in the world. 
Gf the Ijj^ne glaciers, which are iiearly 2,000 in number, the lar- 
*' |^ a% |i^te''l5 miles long, 1 to 2} miles broad, and 100 to 600 ft. 
thick or more. The thickness d one of them, the Aar Glacier, ids 
1^^ estimated bt IfSlO ft, The ma^ity of the |lap^ of th9 



Htmatagns (Vft 2 ta 3' milm long^ tiioDgSt the tsae$ coBta^ $otm 
wUdi axs many tin^ mota extensive. Bnt fiie Sjunkoram Raog^ 
is the DOfserjr of the largest valley glaciers in tiie Eastern' Hemis» 
pb«ek In his Geology of India, Professor D. N. Waffia mentiona 
9 ii» hnge glaciers of these two regions, two of whidi belong to- th# 
Sikkim Himalayas, two to the Kumaon Hima]ay|» and five to tfae^ 
Karakoram. The Gane^tri Glacier, which lies in file Kmnaon Himala' 
yas, is 16 miles in length, while the Karakoram giants are frenn 24 to 39 
miles loi%, the two largest being the Baltoro and the Biafo Gladers- 
whose respective lengths are 36 and 39 miles. Another writor states' 
that in the Remo Glacier, one of the Karakoram streams which has 
trtB&tanes, sitoated about 50 miles south-east of the Baltoro Gladmr, 
15 distinct moraines have been counted. The Karakoram gladers 
lie in the Baltistan Province of Kashmir State. 

Some 5 miles south of the Remo Glacier lies a smaller one,, the 
Khumdan Glacier. The m&ss of this latter lying at a right angle to 
the bed of the Shyok river (a mountain tributary of the Indus fed by 
the Remo Glacier]^ 8 miles below the village of Yapchan, pushes its 
snout into the river-bed. Once in two years or so, the gladw in ■ 
its slow movement across the bed entirely blocks the valley with a 
stupendous mass of ice which effectually * dams ’ the river. This - 
part of the glacier has therefore come to be known as the SIqrbk 
Dam. Competent observers have estimated it tdfbeover 1,000 yds. 
long, a mile broad and 500 ft. high. Asthaw'setnin, the lev<d''of 
the water behind this natural barrier rises and a huge lake is 
formed with a superficial area of nearly 25 sq. miles and an average 
depth of 175 ft. At last tfie numerous trickles below the. cdacier 
and the enormous pressure of the pent-up waters, combined with 
the action of warmer weather, cause the glacial wall to bursf. It is 
said that its bursting can be heard for a distance ci over 10 miles. 
The sudden release of the accumulated waters transforms the rivmr 
into a raging^torrent which goes to swell fiie Indus, itself already ' 
swollen owii^ to thaw whicdl i)egins about this time of fiie 
year (July). If fife Punjab »ivers' at fl^ time .happened to bn^ 
swollen with abnormal rains and their »i^lns waters vMt $ 

those of the Shyok in the Indus above Sin^ a mighiy 
®!®ult anti serionsly affect the river-plaina along the.^ wh<de cootai" 
Pf fi»4 Inda| in this Province, Th%t the bufgt <?f a glacial dejoa' In •• 
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oader cortain ccmditbias aiflM over 
K;lB«i|^ c^ 1,500 miles, is temarkabfa The periodical fteoda caased 
and boistiog of this ^eat ice barrier have resolted 
la omasideiaUe havoc in the past. In 1833 the flood rushed down 
the Sbydk valley destroying every village in its path. The most 
noent floods are those which occurred in 1926, 1929 and July 1932. 
In the flood of 1929, the most serious of these, the ice wall had only 
Qtaoke^ tetting the water out by degrees, and yet the gauge at 
Skirdu, a village at tiie junction of flie Shyok and the Indus, rose 
from 17 ft. to and the Attock gauge from 27*5 ft to 56 ft 

Whole villages had to be evacuated. Nowadays much of the 
danger is averted by timely measures. As soon as the danTis 
fonned^ guards are placed to watch it and constant reports keep 
the anthorities informed of the situation ^1 along the courses oi the 
rivers as far as Karachi. The aeroplanes of the Royal Air Force 
at Peshawar also help, if necessary, b{' reconnoitring the Shyok 
river and giving timely information of the advance of the flood. 

The higher parts of the ‘ Alaskan Range in IVOrth America are 
the gaflming grounds for some of the largest valley glaciers in the 
wcnld. Five cm: more cS these immense tongues of ice are 2 to 4 
miles broad and 30 to 50 miles long. But still bigger ones are found 
in Greenland. They are the biggest and thickest of valley glaciers 
in flip world. They are 2,000-3,000 ft. deep, some being upwards 
of 5D ixflles in.ltMfli* -Frcnn the main valleys they push out seaward 
nntil at last with a deafening crash flie advancing masses plunge 
into flM ocean in huge cataracts of snowy fragments to form icebergs. 
7frd*tmpact With the sea surface i^as starlliig as a thunder-r^p, and 
flip rolling nway of the high-crested seas, followed l|y the rocking to 
iiDfl iroll me prodi^ous masses in the effort to region their equili- 
brinm is a most impressive spectacle. Greenland is really a sub- 
oMflinent covering 827,275 sq. miles, an area about equal to the 
oomH^ied areas of Ei^land, France, Spain, Germatqr, Poland and 
Hungary. Its name is highly nflPtpadinif. Instead of being an is- 
libd carpeted wifli v^e[|ption if i» a«i|^ganflc bbwl of ice— avast 
1|kw# ^,,fleib|^ i»gi^ per^oent Of whose area is covered 

•vflfli a Beyond the rhmn va|^s the Greenland ioP-cap 

iMlaaiMS in degfli t|iflil»if its centre |t aflains a tbiolftipss 



Atx^ thres'fifths of the continent of Anta^ptieey whose, acw 
is 5i400,0d0 sq. miles, is coveted tqr an eniMmnis ke^dteet SHii a 
thtdcness of over 10,000 ft atonnd the centre. The fl^aciers ^ Ant* 
arctica are called 'continental glaciers’. Geologists (rftenin^idB in 
this category the glaciers of Greenland also. 

Of late years glaciologists have been employiiig the acoustic 
method to ascertain the vertical thickness of glaciers whidh are ex* 
traordinarily thick. Sound has been found to travel in ice ( at 
or 24*8 **F.) at the high velocity of 3,232 metres or about 10,600 ft. 
a seecmd. The depth of the central part of the jpleenland' ios-cap 
was meajiured by means of a seismograph, the instrument whk^ 
lASilltir earthquakes. Vibrations were artificially set up in tiie 
earth by dynamite explosions and measured by the seismograph, and* 
the time taken by the sound waves to reach the observer was recorded. 
Another set of ,waves passed through the ice to the ground below and 
were reflected back to the ipstrument. By checking the difference in 
the respective lengths of time taken by the sound waves to travel, 
the ai^e of travel^ these waves was measured and the vertical 
thickness of the ice calculated. 

The Glacial Epoch or Ice Age has for a. long time been defined 
as that period in the later Tertiary Era in the geologic scale of time 
daring which both the Arctic regions and the Temperate regions 
down to the parallel of 52" N. latitude were covered with a sheet, of 
ice which formed a polar ice-cap. Geologists have ppmeHo fhe 
conclusion that there have been seversfl Ice Ages in the earth’s his- 
tory and that the last Ice Age commenced in the post-Tertiary or 
Quaternary period and is now only about half over in spite (d scordb- 
iog summers. They remark that about 700,000 years ago the great 
ice-sheets in the polar regions covered doable the presebt^ area. 
They have been floticing that these vast masses have been melting^ 
though very slowly, and pouring their waters into the seas. It is 
estimated that the glacial sheets that cover the Arctic and Antarctic , 
legions are now about 6 million sq. piles in area. The ice-sheet on 
Greenland alone covers ^ extefit ^ efvef ^(^000 sq, miles, and can:^ 
provide enough water to produce a sea 840 mfles-equare and w 
•iMp. Similarly, the ice-pall over Aqtazdica cqn sanHs-^vtdi)^ 
of water sufficient to form an ocean 1,800 ^qilae, squarq and a nlOigt 

I The rest of the polar ice coyertf*^an .area i)r2,060(0®? sq|f 
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beea calcolMiiig wbat ^ cixinDt df will 
of tiie sea world over whea all the pdar ioe \m 
m W. J. Humphreys oi the United States Weather Bateau, 

la the li{d>t of the information gath^ed in the Antarctic r^ions by 
file Byrd expedition and in Greenland by the late Professor Alfred 
Wegener and his party, estimates that this rise will be 151 ft Under 
smelt conditions changes mast inevitably occur in the earth’s aspect 
and chmate. Geologists, {dtysicists and meteorologists have recently 
considered how the changes are already taking place and what the 
idtiniate result be. A summary of the views expressed is 
before us: — 

• 

*The earth is steadily growing warmer. As all the ice at the 

a 8ta|>endous volume of water will be released Such floods 

are nothiiig new, as we see by the marine fossils found on the tops of the 
RoddeSs Andes and other mountain ranges. So, within 30,000 or 40,000 
years there will be another deluge. Salt water will swee^ over the continent^ 
leaving only the higher land dry. Holland will be inun^ted. Fish will swim 
in Bochii^ham Palace and Westminster Abbey, for most of England will lie 
beneath the waves. The Desert of Sahara will be a inland sea. What 
is now New York will be marked by the upper stows and towers of the 
taller skyscrapers as they jut out of the water. In an inundation which 
would thus change geography and which would be accompanied by a rise in 
temperature, the climate would return to what it was when dinosaurs 
roamed the earth and dense jungles of dank, gigantic fern grew in what are 
now Pennsylvania and Canada. Palms and alligators would flourish at the 
Po^ ^they did millions of years ago. 

* What win become of man if climatic conditions are thus changed? 
Ice dieets in high latitudes produce strong contrasts in temperatures between 
the polar and equatorial regions. Winds, storms, weather that changes 
fiom day to day are the result. Man tkvaishei under such conditions. If the 
Torrid Zone were to become even more torrid than it is, and if wlutt are now 
around the North and South Poles are to bear sub-tropical life, 
loan’s food supply will not be what it is now, Professos G. C Simpson of 
tlGe British Meteorological Office has advanced the theory that Chellean, 
Moutttertan and other races of men that once flourished in Southern Europe 
wfliw wiped out because the climate change and inedible vermin took the 
pigoe the animals that were hunte|^. Nomne can tell what may happen if 
h new 6ta shquM follbw t|w w,pnning of the earth, t/bn i« 

9lbfQfsi^ M tlm presenf Ice Age. It is a qflesl^on if he will survive R. ' 

■ " rf, . 

ot ice preimt 'in the pedar 

illgioaai^ ascnlain its ajplfoxiiittte weight ra 

IttibW/HQiitiereys'^^^^ alreo^ nMuiUoiiedb of ^ rise in 
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thelevcAol seas wIms alt the poltur lee Ms melted. This ice 
will yl^ a layer of wallr spread over the w&de ooeatdc area of 
the earth to a ifepth of 151 ft. and to lesser depths over thp Ooastal 
plains. We know the total oceanic area to be 141,038>687 sq. 
i^es or 141,038,687 x 5280* sq. ft. Now a cubic foot <rf pure 
water at 4® C. (39*2? F. ) weighs 62*4 lbs. or ton. The weight 


of the 151*ft. layer of fresh water over the present ocean surface 
will therefore amount to 141,038,687 x 5280* x 151 x » 16*54 
quadrillion tonsITo this has to be added the weight of the water^tiigl 
will be responsible for the submergence of the coastal plainsr'So an 
estsawllf6f the order of 20 quadrillion tons, we think, can be put 
forward as the weight of all the polar ice on the globe. 


(33) Record Height at which Locust swarms ) 

have been seen flying f 3.000 ft 


Note.— 'These pests have been seen flying high enough to constitute 
a nuisance to aeroplanes flying at ordinary altitudes. In November 1929a 
as the inward Indian Mail 'plane was flying at a height of 3,000 ft alKMit 
idb miles from Bushire^ some of these insects got in through tiie window 
of the aeroplane. About the end of November in the same year a swarm 
of locusts extending over a front of 25 miles swept past the city of Marrfl- 
kesh, the ancient capital of Morocco, taking three hours to do so. The 
swarms were so dense as to darken the sky. An aeroplane was ordered to 
follow their movements, but it was soon beset by hordes of these insects 
unitl the pilot sprayed them with poison gas and forced masses of tli&n to 
the ground. By a curious coincidence, in the same month an Immense 
doud of these pests passed over Ahmedabad (India), shutting out the sun 
and sky during the course of their flight In Science and Invention of May 1931 
Mr. Paul L. Hoefler, the leader of the Colorado African Expedition of 1923, 
givefi an account of locust swarms which were seen In October of that year 
above the vicinity of Lake Baringo in Tanganyika. The cloud of locusts 
was computed to be about 150 miles long and 50 miles wide. We have come 
across one instanceVhere these insects attempted a *non-stop flight' across 
the ocean I Many years ago locusts were seen from a steamer in the Attain 
tic at least 1,200 miles away from land, in swarma so vast as to 
comidetefy obsaue the sky. A still better idea of the enonnous 
numbers composing these hordes may be gathered from the fact that in the ^ 
island of Cyprus 1400 tons of lecttst eggs were deytroyed in the year 188L 


(34)t Base of Nimbus or Rain C3oud or T 
' Cumulo-Cirro*Stratus Qoud J 




3Wft. 


Note.-^t i, a kurer ot daik fiat dottds'fteai ^hichnia qC/aBOW 

U 1 




tmrvnsft 
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(36) Graatest Height at which Frog's 
Croak has been heard " 


3^900 ft. 


(36) Top of Stratus Gouds ••• 3.200 ft. 

(37) Gr^test Hdght at which Sea Gulls ) gmn^mn«. 

have been seen flying J 3jKKM.oooft 


(38) Elevation of the World's most spectacular') 

Active Crater— Kilauea in Hawaii or Sand- }* ifioo ft. 
. ^ wich Islands, North Pacific J 

This crater Is 9 miles in circumference with an oval pit 
^ ^ *4^4 af|fiare miles in area lying at a depth of about SOO ft For several 
decades past visible activity has been confined to a smaller inivijr pit, also 
oval in i^pe, measuring 3,500 ft by 3,000 ft and 1300 ft deep. 
named Kalemaomau, a native term meaning *The House of Everlasting 
Burning’. In this pit Ilea a lake of steaming lava, 2,600 ft long and 2300 ft. 
wide— red and boiling at one extremity. Around the edge and from the 
midst of this lake no fewer than 51 subsidiary crat&rs send forth jets of 
liquid lava, vapour or fiame. For further information vide Chapter IV. 


(39) World’s Height Record for a Glider or 
Sailplane carrying two men 


4.101 ft. 


Note. — ^This height was reached in a flight in Germany by Groen- 
hoff on 30th July 1929. He carried a passenger with him. 

A glider is an engineless aeroplane which flies only with the aid 
of ascending air currents which are frequently met with on hills. 
Ftoih his cockpit the pilot operates the rudder, tail flippers and 
ailerons throt^h controls similar to those in a power-driven 
aaroplane. The glider is usually launched into the air at the end of 
a ludit elastic tope which is attached by a ring to a book fastened 
on the nose of the machine. The new hauling on the rope is 
by another body of men in the rear who hold the machine 
down nntQ their comrades in front develop sufficipnt speed in their 
ton. At a word of command they release their hold, and the 
(^idor is catapulted into the air like a stone from a sling-shot. On 
teacbing a height of 25 to 30 ft, the pilot releases the* tow-rope bjr 
pnlliog a leva: and then avails himself of the rising cnrrents of air. 
As is gained, the ability to stay np loiter is increased, for 

air conents are more pronounced and the wind blows harder, as a 
rolet at h^dihr levels. 

A knowledge of air currents is essential to a pilot for snccessfal 
l^ider fli^Us. Hills oSex good starting points, as ^ asoendisg 



cdonin ctf air is tisoaUf aut with there on one side. CHIders ace 
elao lannebad from the ^ of great sand denes sndt as tiiose found 
on tbs Baltic coast in north-eastern Germany. Where soitaUs 
bills or sand dunes do not exist or are not easUy accessibly gliders 
are often towed up into the air by a light aeroplane and rdeased 
{iftyr a suitable beigdit is gained. At an experimental fligdtt a pilot 
in GennaiQf has succeeded in talcing to a height of 1,000 - 
'asrial train’ consisting of a 120 horse-power sporting aecc^eil^ine 
and four gliders in tow. 

It < Is reported from Stuttgart that a new method of stidp)g|[i|^ 
elidet l» a>been employed with success at the Bnbinger flying gcoind 
in^SSr^ny. The glider is placed on a kind of shoot and shot into 
the air by an apparatus similar to a catapult. Another interesting 
report, which comes from America, says that an aviator of Atlantic 
City, New Jersey, recently gave before a crowd of 2,000 spectators 
a successful demonstration tof a rocket glider designed and con* 
stmcted hy him. In spite of an adverse wind he rose 260 ft. an4 
attained a speed of 35 miles an hour. If the new German contri-^ 
vance should be found, in the light of longer experience, safe and 
reliable, it would undoubtedly revolutionize glider flying everywhery 

One of the principal fasdnations of glider flying is the complete 
absence of the noise which mars the pleasure of a flight in a 
motor-driven aeroplane. The pilot of a glider hears all the every- 
day ^sounds that rise from the countryside. Besides, while he is 
dependent upon air currents, he can often make them subject to his 
skill in flying, so that he can hover more or less over the same spot 
or rise and fall at will. * * 

e 

Gliding has now become a general sport in many countrieSy and 
most large cities ];iave their Gliding Clubs. Glider flights are most 
popular in Germany where the science of gliding has made greater 
advance than in any other country. 

Gliding i^ slowly making its way into India. The Indian 
Gliding Associationy a body formed in Bopibay in September 193Ig 
has opened a training camp at Aundh in ithe Southern Maratha 
Country for the benefit of its members. A suitable hangary work* 
shops and camping conveniences have been provided by the Chief 
of Aundhy who is himself a Patron of the Association and is tekin g 
ks^ in^cest it| its piogiesf. Thu ^ssociution posses^ h fstf 
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Gittttttn IukI Amar^^ ij^pes^ iltf liiifil^ 
iMm ioadend in the fonn raw zostal fitting^ aoid 

l^j&tbalialp of working plans supplied with them, the mcn^bers 
kwra sooceeded in consteocting i^iders ol the most perfect mid 
lip^to<d^ desq(n. The site ci the camp offnrs great hunlitks fpr 
i^der flicdits of several hoars* duration, owing to the rising (ur 
earxwtts met with in abundance in the mountainous regimis of the 
Deccan. The main object of the Association is to create ait* 


among the youth of the country. Training to motorless 
j^iarp^^iilie flying is regarded as the best way (teveloping sufficieot 
in the learner of the art to make him enter thgj^ field 

ofgvkiflon. 


(40) Elevation of the World*s Saltiest Lake! aom h 
-Urumiah, Persia . } 4,aooft. 

Note.-'Its area is 75 milesbySO m., and maxfariUm <kq[>th only 45 ft 
Owing to its intense saltiness no fish inhabit its wators. There is another 
bpdir ^ wmer which is a fourth again as salty, viz^ the Karaboghaz, 
but’H is not a lake by itsdU. being an offshoot or gulf of the Caspian Sea 
in its eastern side. It is neatly circular, and although 90 miles acrossi, the 
duume) by which it communicates wiUi the parent lake is only about 150 
yds. sride and 5ft deep. 


(41) Elevation of the World’s Highest'Rainfall ) j. 
Area— Cherrapunji, Assam, India jw»n. 

- Vtote.—Cherrapunji is a onall town standing on a idateau oi the 
yiMnit Hills and overlooking the plains below. Its average rainfall per year 
is 458 inches, but the year 1861 broke all previous records with a total ci 905 
inches^ of which 366 inches fell in July alone. The hill at this {dace fimns a 
•udden barrier to tbe south-west mpnsoon Rowing across the flooded areas 
of Eastern Bengal and tbe Sylhet district of Assam. The air,, surcharged 
With moisture, cods and torrential rains follow. The plateau, bring fan^ 
by gotges on either side, is completdy surrounded by coding vapour, Vast 
biorica ci atom are rolled along with a tremendous crash by tbe rain-water 
tcnteiita. It is reported that on one occasion a 3S0-ton boulder was dis* 
lodg^ and carried off to a distance more than 100 yards in a slng^ n^ht! 

iU flie other end ot the scale in India cornea Upper* Siadh frontier 
Pfalrict with as average tainfi^ of less than 3 inches a year. The w«ld’< 
reeprd, homver, in this req;iect la held by the coastal s>ne of Peru in South 
a region about miles long and 40 to 100 milea broad. Here 
tbm is no rain whatever, and on the western sltqses of the Peruvian Andes 
btiow tbe ievrie of 4,000 to 6,000 ft and atongadistanceaf neatly 900 miles 
‘aeothfb north up to ^ S. kt, the yearly talnM amounta to leas than 2 
The regeon (a tbftt tho weatwaiFdi ^ n)fo4)eano| 



■ ■ 0 : 

,rtBdit»»li>coMtt ni a an t ^Bawte •k«Kk iwml^ 

tida hi^ta ud tb^ ate loatod to rise, with dw te«d| that thab Ipi 
of uoistiire is ooded and deposited east of the mbmitata . (»1ha 

eastern slopes. The annaal rainfall on these dopes ainoiiiM to dlmit 
ISO hidies. The town of DdHindaeha at the foot of the Cametoon Peak fn 
french Bijaatorial Africa, perhaps takes the second plaoe idter Ctoxapis^ 
with its average jreailjr rainfall of 369 inches. 

(42) Base of Cumulus Clouds ^ ... .„ -MOp fti 

Note.— Theae donds aivear in dense masses of a neaiiy henisphiaSed 
form above, but usually fiat bdo4, often piled one upon another,, .focmit^ 
great douds and presenting the appearance of gigantic mountaini dwthed 
with anogt. They oftoi afford rain and thunder gusts and are ddnmkar jil| 
'TBUB^ef^Thdr thidcnesa is about 1,300 ft. The Cumulus ia popub^ cail^ 
Wodpadc or Catdifiower doud. 


SeoMtioos and BxpMiences dnrlnf PKghk 
at Moderate Heights 

A peculiar sensation to which novices are sometimes liable in 
mid'W is 'tur-sickpess', a malady akin to sea-mckness. Doting, 
flights at altitudes of 4,000-5,000 ft, airmen sometimes meet with a 
strange experience. While flying over land through a tain<;plood, 
they often see for hours together neither earth ix>r sky, and while 
flying across the ocean between two layers of doods during strong 
air disturbances, neither sea nor sky I 

The experiences of aviators wtib have flown near tiie Poles are 
no less interesting. The Polar expedition led by Commander Byrd 
discovered ht thj course of their flights thffi,,when the ground was 
buried in snow and the sky was overcast so that the difihsed 1^^ 
threw no shadows, the horizon diss^peared from the view, and sky, 
ground and dhow all looked alike, making it almost impossible lor 
the pilot to find out where the ground lay beneath him. Polar fltea 
flieref(ve guard against this danger fi]dng low in winter, never 
losing sight of the ground. The scientists who joined Bimfs 
b^pedition had weird experiences to relate. 'Small objects look 
luger,’ they say, 'one num mistook a shoe for a seal. As iff 
no visibbi boHzoOi everything appeat9 dietotted. Tbe sen iookg 



ma4 amai tuuMl 

i tte ev«rywlMr«>* # v 


^) Greatest Hdght at which the) 

Crowing of Roosters, the Ringing i Neaiiy 5,280 ft.a 
of Church Bdls and under certain j- i ma# 
conditions Human Shouts have] 
been heard ^ ^ J 

(44) £Ievatioho£A^4^attestSprings— the) 

S oup at Manikam in^Kulu, Rangra[* s^tt, 
strict, Punjab, India J 

Note.--Maiiikam is a place of pilgrimage on the right bank of the rtver 
tabati and omtains 7 or 8 temples. It lies amidst high snow-canni^^^giyQjB;.. 
tatosL There are senreral hot springs in the village, sasrs Surgeon-deneraf 
BaifoarfiiliiB Qfdopatdk ef InMa, Eastern and SotOkem Asia, * three or 
four of which Ixd furiously. The latter issue out of rocks near the edge of 
tiieriver. Deue steam rises out of them in'consideraUe vdumea, heating 
the air aB around, and absdutdy darkoiing the path for a few yards, and 
the heat is very distressing. AH the inhabitaitts of Manikam cook their food 
in dieoe boiling qnlngs, and wood is never used by them for culinary 
p u r p o s es .* Though the temperature of these springs is not mentioned, they 
are pndwUy the hottest sprites in Asia. 

In the temide of Ramachandra at this place there js ‘ a jet of steam and 
water riring 8 to 10 ft. high with a loud rushing noise and tluroadhg up small 
round poiidwd granite pebbles or manu’, and hence thMUme Manikam. 


(45) Base of Cumulo-Nimbus Clouds 4,500-6,000 ft 

Kote.— These are great heaps of cloud towering like mountains, usually 
hasing a thin fibrous top and a mass of cloud ^ilar to the Nimbus at the 
hase^ As they accompany every thunder-storm, they ate also called 
lihnnder-OotMfo. Rain or snow falls from their base. 

.(46) Height which Sand-storm! have been) 

found to reach ) •5.000 ft. 

Note.~I>uring such a storm in July 1929 the sud rashed in through 
^ windows of an inwarfi Indian Air Aero{dane flying at this height 
wm the dkeert taUeS between Alexandria and Baghdad. The rising sand is 
watiiBi fiy locompanied by vast quantities of dust. But as dust is the lighter 
of fits tsR^ it rises considerably higher, so that the upper res^on of a sand- 
•tonn is ooinpaoed whNIy of dust An airman, therefore, flying Just high 
cnpugii to snoid a sand-storm, mns into a dust^stmin. The avh^ Cspt. 
NeviB^Stad^ durfog his d%ht fn»n Biadcpod (Ei^and) to Karachi in 
lone 193!^ eaooDtttered a severe dust-storm between and Basra. 

)^fieai|y2d0 iiilies the dust rose to 12,000 ft, and he had to fly at an ald- 
tifeof 14/100 ft. ' Sand*storms and dust-stonof the ftoaad invfgbi? 






: Attodi^ (ffiaeomfott ilbQMiiteiiced by aitiiie» over ii doeeit In 
nunmer is tbe Mistering hfSI which makes its^ idt evea- at great he^^Iybb 
During Ca^ Slade's flight to India he found that the great heat bclt of foe 
Iraq desert, whose temperature was Ufl** P. (43*3** C. ), rose to SyOOO ft ' 


, (47) Greatest Height reached by an expen* > gmof. 
mental, unmanned Mail Rocket Plane > 

Note.--The following brief description s# |^ rocket 'plane and its 
flight appeared In the Press as a caMagram^iibtbd ^th iinrfl IflSI fmn Qma' 
bruck, a town in the Prusdan Frounce of HanoveP:— 

‘ Claimed by its inventor, an aeronautical engineer, Reinhdd TiUin& to 
be a "teal rocket plane " because it returns near its startii^ pofot a nett 
rocket tp a tried out here to-day and reached a height of ^000 ft, where it 
^Iffi^tically unfolded the two wings and glided to the earth without aay 
damage, Tbe rocket is propdled by powder. Its inventor contenq^labes 
constructing a man-carrying rocket.' 


Further particulars of this remarkable machine and its flight appeared 
in the Calcutta newspaper Bengalee of 13th May 1931 as an item of news 
from a Berlin correspondent ft was Herr Tilling’s first ‘ modd passengw 
rocket about 5 ft long. The span of its wings when open was over 6 ft 
Its hollow cylindrical body contained a rocket 2 inches in diameter and 2 ft 
in length. The conical head of the rocket carried a packet of postcards. 
The machine b^ah its fiight from a launching pier and dimbed in a steel 
curve with gradually increasing speed until it developed a high velocity. 
At the highest pMntit reached, it could be seen as a tiny dark speck whidi 
would have been lost to sight but for its tail shaped like a comet’a As its 
speed b^an to dow down, the tail broke away, the wings automqfondly 
unfolded, and the machine descended in a series of graceful curves^ alighting 
not far from its starting point The postcards were found intact. 

A model aeroplane of a new design, constructed by Ulling and drivwi 
by miniature rockets, recently made a trial flight over an island in foe North 
Sea off the Gmrman coast * * 

(48) Apex of Nimbus or Rain Clouds ... Asooft 

(49) The'Efenares’of Central Java ^ ... ... woote 

Note : 


Iq the early part of tbe Christian era, Hindos, mostly from frfo 
Cotomamfol Coui^ began a migration ea^wards. In the Snoda 
group of islands the first to receive them was Sumatra refefred 
^ Iqt oerfrdn writers as Suvamabhumi (*Land of Gdd'), where 
fi^y introdnoed Hindu oivilization and coltore. About -tfaie^ Stibi' 
®®ntuty a toqpd mbsionfrom, |(a^tmir 'bf MaldlySfla edibdl <# 



V^tod ib» isbad and sdocMdM in iodw^:^ Hbda 
Hteltito to that teligioo whii^ bowaver, felted aaiong 

dtooit more as aa intermixtare c$ Brahmaoic and Buddhist cult 
the 7th oentory their descendants had founded a powerful 
Hindu'Buddhist kingdom called ^Siri Vi jaya with its caphal 
IHdembang; Its rulers bore the title of Maharaja, and their dynasty 
is known by the nanie .if€ail6ndra. The Smldndras sobseqLOently 
mttnaded their sway to hAfday Peninsula and probably to some odier 
countries and became a great masitime power. The Chinese 
Bnddhist travelier I<Tsaog, who visited Palembang about 690, 
found it to be a well-developed Hindu-Buddhist s^ of Jyurniag. 
By diis time Hindu migeation bad spread to other islandsnP'ftfr' 
groupk Java a{q>ears to have been colonized by the Hindus next 
idter Sumatra. According to tradition, a Dravidian Prince arrived 
to western Java about the 4th century with a few thousand followers 
imd settled at Mataram. The Hindu, kii^dom of TlirumS was 
established soon after with its capital at Kartasura, six miles west 
of the modem city of Surakarta. No sculptures of this 
period are extant, and the only evidence the existence of this 
kingdean is famished by inscriptions the 4di and 5th centuries. 

Smne scholars are inclined to believe that ^ colonization of 
Central Java was effected by the Hindu inunigrants of western 
Javat.while others hold that it was colonized direct by a stream 
immigianta from the ancient Indian Province of Kalinga. Professor 
Himansu Bhushan Sarcar of Calcutta considers that the first Hindu 
aettlCM to tins part of the island were the Shakes of Gujarat, who 
aedoeding to the hypothesis, hod introduced Shaivism and the 
•yatem (ff Shaka year-computation to 456 A. D. His view is partly 
based on the fact that the years between 654 and 682 Shaka (732 
tpd 7<60 A. p.) saw the palmy days of Shaivism to Central Java. 

Late to th^& oentory the ruler Sbri Vijaya sent an expeditiou 
Jl^ as appears from a Sontii Indian inscription dated 6^ 
praserved to the British Museum to London. In 778 the tiien Maha- 
raja oanaad the first Bu^ist templs to tiw island, that of Kalashan, 
to be fitotod to Central Javai---an event which diOwsthat Iqr tiustime 
pfobabtoJti^ bad been annsxsd by him or its rulor had become his 

WMial. - whsthw Bnddbiamwtototroducad 

ibl ibAtoNttoMB toM tw» dates by tha SaiModsaa of Sonstom » 
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camo fifmn India d^reict. Sarcar tyoka that k proin^ 
from Ea^ Braga} wbwaAe Pala Sovereigra ibcst tese into promi* 
nenoetn tho Sth century. In later years Java saw aevetai lesser 
States spring up one after another. 

About 1293 four of the Icingdoms in Java united and under the 
king Kritarijasa founded an empire with its capital at Majapahit. In 
that year an envoy was sent by Kublai Khra. the founder (rf Am 
M ongol dynasty in China, to demand homage from the emperor of 
Majapsdiit but was sent back in di^race. A large army was des* 
patched to Java to avenge the affront, but after slight success it met 
with revues and was forced to return with heavy loss. With the 
^d Uilf oTKoMai Khan in the following year, further attempts against 
the island were abandoned. At the height of its power in die 14& 
century, the empire of Maja{^it had almost the entire Ardupelago 
under its sway. In. 1478 the empire was overthrown by Moslem 
invaders, and Islam began to,spread in the island. On the fall d the 
Majapahit empire the country once more split op into a number d 
kingdoms. In 1578 the ruler of one of these States assumed imperial 
power and founded the empire of Mataram which lasted till 1755 
when it was divided into two kingdoms — Surakarta and Jokjakarta. 
The Dutch first ar^ved in Java in 1595, and thereafter, what with 
the growing influence of Islam and what with the increasing efforts 
of the Dutch to acquire possession of the island, Hinduism b^gan 
to wane and was at last fmced to quit Java and seek refuge in the 
small neighbourii^ island of Bali, where it survives to the present 
day as a mixture of Brahmanism and Buddhism, the former luredcmii* 
natiog. Tlie Javan States d Surakarta and Jokjakarta still exist, 
but as dependencies under the Dutch Government. 

Sumatra too in the long course of time fell a prey to foreign 
influences. In thb 13th century a portion of the northern half of the 
island was invaded by Arabs, and Mahomedanism to replace 

the ruling religion. Yet Sumatra seems to have continued as a 
HindU'Buddhist State till at least the beginning of the 16th century, 
^or when the Portuguese navigator Alidionso d* Albuquerque visited 
ibo Archipelago in 1510, he found the island 'ruled by a king named - 
Paramdshwata. 

The 'Benares’ cd Central Java is a remarkable group of aadent 
^plea or Tjancfis as they ate called in Javanese. are 

12 • : 
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the JQiirag ldateaQ la Gontcal |ava. 

Kaladiaii. tiioae^ mined, » « ttagnifioent beokli^ with 
Imtifol scalptnms. The largest and finest is Tjandi Bindi. It is 
a pyramidal tower with h<»riz(mtsd stages one idwve fiie other, and 
tbraioes with donnar-ardiM in whkh the heads of celestial choris- 
tars are fiamed. The best preserved in the group is Tjanili 
ArdjnnS. It follows the type of Kalasban. The plan is sqoaie. 
Hm group ocmsists of four temples, eadi having two storeys, 
with a roof imitating the body aof the temple. Tin walls 
are o rn a me n t e d with aculptured panels with pilasters between, and 
the doorway is crowned by a crocodile face. Bima and Ardjona 
groups are bdieved to have been built between the vTlt 
centuries. There are many older temples in the same area. The 
finest of the earliest sculptures are the bas-reliefs of the Hindn 
Trinity in Tjandi ShrikandL The date assigned to this group is 
7th century, . 

Java boasts of many more ancient religious buildings of 
temarkaUe beauty. The most temous and imposing in the whole 
rains is Boro Boeder or Bara Budur f Many Buddhas ’)» a gigantic 
stupa or relic mound. It is situated on a hillock rising 154 feet 
above the pkun and commands a picturesque view of volcanic peaks 
towering in the distance. It was built in 750-860. It is in a rich 
stylh which, in its outward form and sculptural details, shows a 
mixture of Brahmanicand Buddhistic influences. The building 
presents a close resemblance to older stupas in the Punjab and 
contemporary structures in Kashmir. The hillsides are cut in a 
series of terraces which serve al procession paths for pradalvAim 
or circumambulation, with four ramparts, one above ’the other, 
between the third torrace and the fourth. The lowermost terrace is 
497 feet square|^ The entire structure is surmounted by a dome 
52 feet in diameter, with 15 lesser bell-shaped cupolas artistically 
^fistributed around it. On the outer side of the wall<of the second 
emdosure, 365 feet square, are 104 large nidies. Eadi of these 
iwwArine a a Buddha se|ded on a lotos throne, the image and the seat 
being Itewn out of a single block of stone 5 feet hi^. Along the 
inner sides of the piadakshina path! there are no fewer than 568 
istofs reptesetd i ng scmira ftmn the life (d Buddha wbirii, it 
Mated, would eover, if idaced end to end, a Iragtti of nea# three 
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a series of dae^bc»-’~doiiie>like sanctuaries surmounted by inverted 
pyramids and rashrining the relics of Bad<Uiist saints— <objecta 
fa miliar to those in Bombay who have visited the chaitya caves at 
Kenheri in Thana District or those of Karli, Bhijd or Bedsain 
Poona District beyond Lonavhu In the dagobas at Bara Budur are 
placed seated figures of Buddha. The sculptural work at the lower 
terraces has not been executed «s carefully as at the upper ones. 
But^j^duff irom the photographs, the massive structure is marked 
by a wo^erful wealth of decoration and in several places is carved 
^ih‘ a" TOldness and expression of power not often surpassed in 
relitpous edifices even in India. 

About three miles north^^ist of Bara Budur lies Tjandi Mendut, 
which belongs to the 9th century. It has an open porch covered 
with sculptures, and the outer walls of the body of the temple are elabo- 
rately adorned with figure-reliefs. Besides a large, handsome image ci 
Buddha the temple contains figures of Buddha remarkable for the 
sublime serenity and graciousness reflected in their expression. 
Standing on either side ot him everywhere is a Bodhisatva with an 
equally serene appearance. These sculptures not only testify to the 
skill of the artists employed for the work, but also show the depth 
devotion and religious ardour with which they were inspired in its 
execution. Java contains several other monuments associated 
wifli the Mahfiyana school of Buddhism. Soon after the completion 
of Bara Budur Java saw a vigorous revival of Shaivism, attended 
by deep religious fervour which lasted nearly three centuries. About 
900 A. D. were built three large Brahmanical temples at 
Prambanan, which form the group of Tjandi L^o Djonggtang. 
The central on^ which is' the most impressive in the group, is 
dedicated to Shiva and is adorned with bas-reliefs iflnstrating scenes 
the Ramayana. It stands between two other shrines, qt 
Brahma and Vishnu respectively, with a temple of Nandi, Shiva’s 
riding bull, in front. 

After the first decade of the 10th century Central Java fell into 
neglect for a long period, and the centre (rf culture was transferred 
to the mstem part of the island under the rulers Keduri, Singiuari 
0280-1292)^ahd Majapahit Hie 13th century saw a nueaber of 



ttEfoitiitei scolptoies 'ex«»tted io Sittgiuai^ statoettes 

Dtttga and odwr deitfes. Id a 
Iftalaiig in the vicinity of the unfinished Shidvite temple of Singasari 
anffifonnd in 1819 an extiemely beantifnl image of PnjnIpSnmita, 
tile counterpart in Bnddhist iconography of the Hindu goddess 9 ! 
kaming and wisdom, Saraswati. This statuette, now hi the 
museum at Leyden (Holland), is generally accepted as a masteriHece 
of Indo-Javanese sculpture. In the course of an article in the 1931 
November>Decanber number of TrtWpt, a leading journal of 
Madras, Mr. T. N. Ramachandtan gives the following description of 
tiiis image, partly based on Havell’s description of it ^ 

* Seated in a state of complete abstraction on a lotus flower, ^ voSa' 
of purity and divine Urth, in the fixed pose of a yo^uu, the goddess performs 
wiA her hands the divine mttdra or sign of spiritual instruction, while her 
cbanidng face has "that ineffable exmession <Mf h^venly grace which 
Giovanni BeUiid, above all other Italian masters, gave to his Madonnas." The 
bead<dresa ornaments and dress with which the goddess is provided are 
ezquiaitely and elaborately worked. The scriptuie is jflaced on a lotus 
flower to her left, the stalk of which is twined round her left arm.' 

The writer adds that the image is ascribed to the reign of 
Ken Axok ( Rajasa Sang Amurvabhumi), ix., 1220*1227. 

Many other parts of Dutch East Indies are of great interest on 
account of the evidences of ancient Hindu colonization still to be 
found there. In Sumatra are found numerous traces Hindu 
influence. Ruins of Hindu temples exist at Butar in Deli, at 
Jambi, in the interior of Palembang and in many other localities. 
There are also stone inscriptions in Sanskrit, one Of which calls 
Sumatra 'First Java'. The most important of Buddhist monu- 
ments which survive is the stupa of Muara Takns on'the upper 

Bali or Little Java likewise received a stream bf colonists from 
Indki direct, as is shown by inscriptions on brass taUets found in 
the island. The Hindu cdony was strengthened later by Hindu* 
Javanese settlers. Even at the present day the Hindu gods Brahma, 
V iidwi n and Krishna are known to the Balinese. Their modem 
temples ot paras, whicfi are small woo&n structures built <a> stone 
foundaticms, exhibit many features (d Ptindn styles of architecture. 
Tbe better class of temples are dedicated to Shiva, and the fon» 
of fte famiUar god Gandsha is scnnettiiies seen in then. Mfisy 



the Bidinese sMial and tellgiotis^^ of Hinda ori^n. 

Sttttee was psactised for centuries until the Dutch Government put 
a stop to it* Dead bodies are cremated as among the Hindus. 

In the 1931 May number of VSdanta Kisari^ Dr. R. C. 
Majumdar gives an interesting account of the first phase of Hindu 
civilization in Borneo, the largest island in the archipelago. 
The earliest and most illuminating records of Hindu colonization of 
it are furnished by four inscriptions engraved on four sacrificial 
pillars or yupas as they are called. They were discovered in the 
Koeti^' district in Middle East Borneo at a place named Muaxa 
Kaman.eQ the bank of the Mahakam river. These inscriptions 
mclude references to Brahman settlers and to a king named 
Kundariga and his son AshvavaYman and grandsons. The eldest of 
these last named Mulavarman, says one of the inscriptions, 
performed in a grand style a sacrifice called Vahusuvarnakam. One 
of the pillars, says anothdt, was erected by the Brahmans to 
commemorate a gift of 20,000 cows made by the king Mulavarman 
to Dwijas (the * twice-born *)• la western Borneo too traces of early 
Hindu colonization have been discovered. Ruins of temples and 
images have been found at .various places on the banks of the 
Kapuas river. Majumdar considers that the images found here and 
elsewhere in the island afford unmistakable proof that the earliest 
Hindu settlers of Borneo also came direct from India. Thef fact 
that the title of Varman adopted by Hindu rulers in Borneo is one 
which was held by Pallava kings, for instance, Mah6ndravarman, 
Narasimhavarmari, Paramfishwaravarman and Nandivarman of the 
7th and 8th centuries, suggests the probability that the first Hindu 
settlers in the island were from Southern India. Evidences have 
been found that the immigrants also penetrated to the interior. In the 
Kombeng Cavesllying on a hill situated north of Muara Kaman have 
been found numerous sandstone images, some of which have 
been identified as those of Vishnu, Skanda ( Shanmukha or 
Kartik6ya), Nandi and Gan6sha. Three images of Shiva along with 
a beautiful bronze image of Buddha in stanc^ng attitude found in the 
island have been removed to the museum at Batavia. From another 
source we learn that even in the inmost recesses of the mo un ta i ns, 
and in one case in a region 400 miles from the coast, have been found 
theruinsof tam^es of excellent workmwship which show all the 



" 94 ’ ^ 

Iwtaies ictf Hii^ plaoM of Amoiiis P^ talieitettbf 

is a, gold pendant representing a fonrHBained ^/Ishini sntli ktenl 

Ganidas. The geneial opinion is that all tbeaeraoudne an assignabis 
to th^ 7tii or 8th century. 

Besidesthetemples, inscriptions etc. there are numerous locaU* 
tks in Dutch East Indies whose geognidiical names are teminis- 
cent of ancient Hindu oolonizationi e.g., Purwakarta, the administia. 
tive centre cd the Residency of Krawang : Wanasaba, a idaoe of 
pilgrimage near Dieng plateau dedicated to Sbiva ; Snkabumit one 
the Preanger Regencies and a pleasant healtb*resort abont 2.000 feat 
above the sea, and the volcanic peaks of Semdrn, Guntur^^djuiS 
and Rawnn — all in Java; the islands of Sangkapura and MadutS^ 
north of Java; Singaradja, the capital of Bali Island; a dis. 
trict, town, river and TOlcano, all bearipg the name of Indtapura, 
the river Indragiri and the district of LingiE^t all in Sumatra. 
In the last-named island, the northernmost division has for its 
administrative centre a city called Kota Radja; the Residenqr (tf the 
East Coast includes an island and a port, both named Bengkalis, the 
Residency of Tapanuli a dependency called Angkdla, and the Residency 
of Padang includes the port of Priaman and the dependency of Ran. 

A part of the material for this Note is drawn from the 
Encydopaedia Britannica. 

(50) Elevation of the World’s Hottest Spring 1 « ena 

—the one at Guanaxuato, Mexico j * 

Note.— According to Surgeon-General Balfour, this sming was dis- 
conaeA by the traveller Humbold who describes it as the hottest qrring in 
the wcnid with a temperature of 207^P. ( 97**^. ) 

The boiling point of pure water, which at sea level is 100** C. .( 212” F. ), 
dtepa about l^C. for every 1,000 ft. rise above sea levd owing to toe dimini- 
sidng air pressure. Thusontoetq;>of Moat Blanc (15,782 ft.), the hbllMst 
peak of toe Alps, water boils at about 84‘S'*C. ( 184”P. ). Xt an devatfam of 
5500 ft toe bdling point will be about 93-3**C. ( 200*^. ). The fact ttot the 
Utoperatiire of toe Mexican spring exceeds the usual boSlM point at fts 
deritthm shows that its water conudns salts in sdution. If toe water were 
fipee from them, its temperature would not be l^ier than the usual boiling 
potot at that level. Even %t sea level the boiling point of sea-water or any 
other trater containiiv salts in adution is higher than that of pure water 
and var^ with toe amount of dissolved matter present in it 

(51) Creator Hdght which Haze has) ifmtt. 

heap fpund to reach j gve^AziiwM 




NQt«,-*-7]|^ bfitfit VM oiiQB nacbcd at the^ Fanborou)^ in 


( 52 ) Height which a Hail<$tonn 
over the earth is seen in the ful- 
ness of its wdrd grandeur 

• 

Note.-<-Hail consists of two types: solid or true hail, and soft 
hail, a fonn of snow. The former results from the freezing of 
run-drops. Vertical air corrents result in the formation of a thick 
diood, gen e rall y comnlo-nimbt?s or thunder -cloud, where tiny drops 
(tf rsfin are formed and home upward, freeze in the cooliiw air and 
form themselves into hailstones. These stones, as they come down, 
^ire enveloped by a further layer of water-vapour, which in turn may 
freeze by their rising again in another part of the storm. In sudi 
cases two or more stones unite and attain large dimensions. 
Hailstones vary from } inch to 4 inches in diameter, the largest 
wei^ng a pound or evea m(ve. A hail-storm is destructive to 
crops, especially in tropical climates. It is shown by statistics 
collected over a large number of years that the regions most liable * 
to hail-storms are those which are devoid or denuded of forests. 
The duration of a storm is usually a few minutes only. Hail 
sometimes accompanies thnnder-stmmis in summer. Soft hail 
consists of little spherules of compact ice particles which break 
with a splash when they strike hard ground. It also accompanies 
storms in spring or winter. 

The airman. Captain Norman Macmillan, describes a hail-storm 
as witnessed from an aeroglane as^foUows: — 

‘There is no grander sight in the air than that at seven to eight 
thousand feet when hail is formii^ above the earth. Big douds lour black 
around one. A sWep wall rises upward from a sea of tinted grey to a ceiling 
of tranducent pearl Suddenly against the almost black wall there is a slash ’ 
of streaming white. It grows from nothing out of the peari above and fells 
danting across one's dosing vision. For 1,500 ft it drops its curtain over 
the gloomy stage. No sun is visible in all the sdemn air. The atmosphere 
is cathedral Since with the noise of the engine no further sound is audible, 
the e^s must take upon themsdves the duty ofdhe other senses. And in 
One's ears one seems to hear, as though it were just all around, hissing upon 
thevaultingfoof and wall of the cathedral of the douds, the beating of the 
hdlstonn. ItiaaalghtwliidiauditHlity would reft of more than half its 

■rteadooz,*.'. 




7,!00(>-SjOOO ft. 




0^): Mevaticm of the Worki’8 Largest 
Active Crater-^Aiuakchalc in Alai^ 

North America 

Note*— I b the IttustnOid WuUf ef India of 21tt December 1930 aiqieaiecl 
p iiftort r^xirt of the discoveries su^e in the region <A this vcricano tqr an 
expedition led by the Rev. Father Bernard F. Hubbard, bead at the Depart- 
ment (d Geology at the Jesuit Unhrmsity of Santa Qara in California and 
known to scientists as the' fflacier Priest*. , The orater has been found to be 
21 ndles in circumforence and is stated to tw the largest active crater in the 
world. Dosens of active fumaroles or smoke-holes have beoi found in it. 
Among other objects of interest found was an obsidian or latutal idnss cliff 
(fmmed bf vitreous lava rapidly cotding ) 600 ft high, *br«dcen into edumnar 
structure, its fiat surfaces iridescent like a raven’s wing.* F<jr further 
particulara, vide Chapter IV. 

There is another active crater named Veniamenoff in this region, 
nearly as large as Aniakchak. There are also enormous volcanoes in the 
hdand of Unimak, which lies so dose to the mainland as to form practically 
a port of the peninsula. * 

The Bneiftl. Bril. ( 1929.) mentions a crater named Aso-san ( 5,545 ft. ) 
situated in the island of Kiusbiu in Japan. It is ‘a huge oval depression 
estinuted by some observers to have an area of at least 100 sq. ndled. The 
same work in another place indudes this volcano in the list of those still 
active in Japan and remarks that its crater, measuring 10 by 15 miles, is the 
largest in the world. But along with Aso-san is given In the Itot another 
volcano * almost extinct*. It is possible that Aso-san has been qtdescent for 
a very hmg time and is no longer classed among active vdcanoes. 

A writer in the Illustrated Weekly dj India oi 13tb December 1931 des- 
cribes laige crater, an extinct one, situated in Tanganyika Territory, 
Africa, about half way between the port of Mombasa and the southern banks 
of Lake Victoria. ‘The floor of this cydopean amphitheatre’, be says, ‘is like a 
gigantic bowling-alley, a smooth, open plain of short grass and clover neatly 
6k000 ft above sea and bdds, towaida itsfai;aide, a magad mrsalt lake, 4 
antes by 3, b^ered by papyrus or acacia forest* llie crater has steep walls 
dmcsodfog neariy 2,000 ft 




(54) Elevation of the Grand Canyon ) 
of the Colorado River, U. S. A. J 


* 5,000-9/100 ft 


Note 


Cftnyras are winding series of deep, abrupt gorges at the bcfifoni 
Of omxQr whirilt run turbulent rapids inaccessible to man or beast 
’they are found in Mexira and the south-west of the United States. 
Their rocky waUs are sometimes perpendicular and ate worn and 
Intricately scnlptured into imprassive forms. The ^ect is heigb* 
by tUveni^ of colour, for the varions groups ot strata of 



^bicb tbe inalls are composed display an artistic arrangemoit of 
pale green and pink hues, and in the depths skte>gtey 

and drocolate-brown tints. ‘ Its distances are (tften sAiffased', says 
the Brit. (1929), ‘with a transparent blue-purple ha^ that 

contrasts with the deep-green of the pine trees on its rim anl the 
intense blue of the sky.* The canyons are one of the most striking 
of geological phenomena. T^e Grand Canyon, which has complex 
ra mifi cations, cuts across a plateau and is 280 miles long and 5 to 
18 miles broad. Its walls risf sheer from the water’s ec^e to tbe 
stupendous height of 2,000 to 6,000 ft. Its grandest part, 105 miles 
in len^, lies within the Grand Canyon National Park. The 
^^^L^j^merican 'Government have prepared detailed maps of this canyon. 

The earth’s land surface is ceaselessly subjected to the actbn of 
numerous forces. Various agencies wear away the rocks, detach 
from them materials termed detritus and carry them to distant 
parts. The entire process .is called erosion when the attrition is 
vertical, or denudation when it is superficial. Water, ice chiefly 
in the form of glaciers, frost and wind are the principal wearing and 
disintegrating agencies which often work together. The most 
powerful agents of denudation are rivers, and it is due in some 
measure to the friction of the water but to a great extent to attrition 
of the debris, during its passage, against the hard bed of the swift- 
flowing river. Rivers coming to parched regions from outside 
sources may excavate narrow and deep chasms with steep sides. 
In the Colorado Canyons the elements also must have played their 
part in loosening the material of the rocks and in altering their form 
and colour, or in rounding of{ their edges or even in breaking op the 
land and carving the scarped sides. Such a process is known as 
weathering, a term which has even a wider import than indicated 
here. But the mibst remar kab le feature in the operation cd natural 
agencies in the present case is the power of the river to erode 
vertically. , 

It is estimated that tbe forces of Nature have been at work for' 
tipwards of a million years in the formation the Grand Canyon. 

Another notable instance of the erosive power of a river occurs 
In Utah, U. S. A., where there is a bridge of rock called the Edwin 
Natural Bridge. It is 90 feet high and 200 feet long. It has 
svidently been scooped and scoured out by the force of the mshmg 

1 a • ^ 



^ another vonderfnl artm 

^Riauaiat water wears aw*v stooes.’ 

American Government have a titanic irr^tion scheme in 
ISttid -^It is tlm Hoover Dam, vAich will rise 527 feet hic^ froai 
^ floor of flie Boolder Canyon in California. The Cdarado 
fiver at fiood.time has smnetimes assumed gigantic proportions. 
This dam is intended to impound the^ood waters of its basin which 
have so long been running to vmste. The waters which it will store 
will be rdeased when desired and will come rolling down between 
fl» parched hills of Arizona on one side and of California on the 
other. It will bring water to the most arid and tropical part of the 
country and convert barren desert tracts into forming areas. Tbi^ 
dam is expected to take five years to be completed and will stand 
fmtb as one of the greatest of human achievements in harnessing the 
forces of Nature. . 

(55) World’s Altitude (Height) ‘Record for ) 

Solo Flights by Gliders J *** 

Note.— This height was reached in a flight at Ger^eld in Germany by 
the famous Vienna eliding expert, Robert Kronfeld, in 1929. A greater 
iid^t was attained in June 1931 by a Swiss pilot, but his flight was made 
from the of the Alpine peak, Jungfrau Joch ( 11340 ft ), whence the 
idider was launched down the mountain slope. He made one or two circuits 
at this attitude, then flew down into a valley and finally landed near the 
y^Bage of Lauter Bninnen after a flight of 1 hour 45 minutes. 

(56) Steato-Cumulus or better Cumulo- ) 3 ; 5 oo-io.ooo ft. 

Stratus Clouds J ' 

Nota**^The8e are large, dull grey, lui^py maaaes of doud with the 
Ciimultta at the top overhanging a flattish stratum or base. They are the 
lowest form of sheet cloud and often cover the whole sky, particularly in 
winter. They merge into the Altocumulus ( Item 89below). 

World’s Altitude Record for Heavy) loflooft 
Aircraft carrying a large number of men J 

Note.— This record was established in August 1^1 ‘ by Do-X O or 
/«Rwfi,NBCer ship of the famous German Dmnler tiebie.decker flying boat 

duidog its flight from Allenatein to Speida, when it flew over the Alp* 
at thp i4)(We miaitioned height. It had a paasengm: load amrisdi^ of * 
crew of 12 men and a Comndsifion of Ital^ officers. It al^hted <m 
6ntnd jCsnal in Venice and since the machine hadbeenordeced hy the Italian 
Goeermneat, it mis fotmally made over to them at tha termination of 
the. ffigbt, . 



. fbe SINMilMr leHithiMi Do-X created s a^raatiQii to Ootobto 
when it tostte Ito tttol with 1G9 pwtom cin hoaid over I^die Conetaaoe. 
Tlie boat rose from ^ water in half a minute and fiitm three-quarffm of 
an hour, attaining a speed of 135 miles anhonr in the flight It jiade a 
successful trans-Adantic trial fl^t in 193L 

. These fljdngboatSr it is said, embody an entir^y new pctoch^e—thatef 

adapting a ship to the air instead of adapting an aeroplane to the sea. 

lliereis only one instance io far where a passenger load exceed* 
ing 169 persons has been carried by any type of aircraft The Aknm, 
America’s armed dirigible and the dargest airship in the worldi adiid) was 
comideted in 1931, carried 207 passengers on 3rd November 1931 idtmi it 
left the aerodrome at Lakehurst New Jersey, on a 500-niiie trial voyage. 


(58) 


Greatest Height at which the 
of a Gun has been heard 


discharge | 


lojnoft 


. (59) World’s most elevated Aerial Beacon—' 
theonejiist west of Cheyenne, Wyoming, 
U. S. A., installed^or the benefit of nighU 
fliers 


(60) Elevation of the World’s Deepest Extinctl 

Crater— Haleakala (‘ House of the Sun ’) [• ft 
in the island of Maui, Hawaii Islands j 


Note.— This crater is 2,720 ft deep. Its circumference at the bottoni 
is 20 miles and at the rim 19 miles. The article in the niustraied Wedify cf 
India referred to in the last paragraph of the Note under Item 53 menUcdls na 
extinct volcano named ElanairoU situated in the highlands some distance 
from Lake Natron in Tanganyika Territory, Africa, the crater of whtofa, 5 
miles wide, is filled with virgin forest and is 3,250 ft deep in its gullet 
Until fuller details of the exfdoration o| this crater are available, we must 
hesitate to assign to it the firdi rank in the world in point of depth. 


(61) World’s Fifth Highest Group of Thermal' 
or Hot Springs— the springs at the cele- 
brated shrine of Badrinath, Garhwal, 
Himalayas 


10,294 ft. 


Note.— Bdflrinath stands on the bank of the Alaknanda, a head-stream 
of the Ganges and here known as Vishnuganga. There are two qwingO 
here named Taptakund and Suryakund. The latter issues from a fissure in the 
hankof the Vishnuganga. Taptakund water is said tobe sometimes so hot 
os to be scarcely beatable until it is cooled by the mixture of cold water froea 
soother qntog. On a 26th of May at about 11 aon. its temperature w«s 
^oundtbhedgio c. (IfiQOF.^. The water sends forth a dense vi^xwr having 
9 9ldph|^0lll odpig>. 



loo 




World’s FmirtB Highest Oidup of Ther-I 
mal Spn^«-th08e at the Himalayan 
shrine of (^ngotri (Tehri State) on the 
Bhagirathi 


10.319 ft. 


Not*.— Tho Ganges has three head-streams, vu., the Bhs^rathi, the 
Mnndak|ai and the Alaknanda. The chief of these are the first and the 
last Opinions differ as to which at these two is the source of the Ganges. 
Bindn religioua view favours the Bhagirathi, which issues from GAmukha, an 
lee cave at the foot of the Himalayan snow-bed near GangAtiL GeograjAers 
indine to the view that the source is tht Alaknanda, as this stream has a 
mndi longer course and a considerably larger body of water throughout the 
year. At the junction of these two streams is the sacred place of Ddvaprayag, 
the head-quarters ot the Badrinath Pandas, and it is from this point thtf 
the river is known as the Ganges. 


( 63 ) Perhaps the most elevated Railway' 
Tunnel in the world more ‘than 2 , miles 
in length— the one below the Uspallata 
or Cumbre Pass in the Andes Mountains. 


10,469 ft. * 


Note 

Hiis tunnel is on the Trans-Andine Railway, the first trans-conti- 
nenftd nulway in South America, which connects the Pacific port of 
Valparmso, Chile, with the Atlantic port of Buenos Aires, Argentina, 
^e tunnel is a little over 2 miles long and took neatly four years to 
omnplete. It was opened for traffic in 1910. 

A few other noteworthy motmtain tunnels may be mentioned. 
The Mo&t Tunnel in U. S. A., which crosses the Continental Divide, 
about 50 miles west of Denver, Colorado, is 6*1 miles in length and 
at an elevation of 9,200 ft. * It is t&e loi^est railway tunnel in 
America. It was commenced in 1923 and completed five years 
latmr. The Cascade Tunnel of the Great Norther^ Railway in the 
State Washington is 7*79 miles long. It was begun in 1925 
and finished four years later. The unscalable barriers of the 
Alps have been tufinelled at some places. The fifst to be con- 
^pined wds Mont Cenis whose tunnel, driven for the greater 
part throufidr solid ggraiute, was started in 1857 and took fourteen 
years to complete. It is 7*98 miles long, about 26 ft broad and 
25 ft. high, and cotmects France with Italy. The Saint Go- 
itoard ’ Tunnel in Switzerland, commenced in 1872 and fiui' 
idled in 1881, is 9*3 miles long, 18 ft, wide an^ 23 ft. hi^ 



It tms abo bnnoirad pot (rf gcanitp^^^^^ «jiie£ 

rest t^ 0 s«i in tiie fact that it winds aiPoiid inside of fha^n^ 
spiralling towards the summit. The Lortschberg Tunnel^ alsoin tibs 
Swiss Alps, is 9*04 miles in length. It was commenced in sad 
opened for traffic five years later. The great £limploi| Tannelt 
sWted in 1898 and finished in 1905, is 12*3 milds long and ^oonnects 
Switzerland with Italy. It is the longest railway tunnel intheworld. 
Describing the difficulties met within its excavation, a writm: »ys:~ 
'Here all the giant forces of Nature seemed to unite to defeat their 
would'be conqnertnr. She would not face him with her solid rock, 
but tossed gneiss and treacherous mica-schist, limestone and disinte- 
grated stone in his path. She spouted 10,000 gallons a minute of 
icy water into his tunnel on the Swiss side and a gusher of hM 
water into it on the Frendi side.’ The cold spring on one mde 
brought down the temperature to 55‘4'’F. (13^C.), while the hot 
spring on the other, which ^pouted 1,600 to 4,300 gallons a miontek 
raised the temperature to 113° F. (45°C.). 

There is another remarkable Alpine tunnel whose average 
elevation we have not been able to ascertain with any predmon. 
It lies in the Bernese Alps on the electric railway road, the hicffiest 
railway in Europe, from Scheideck to Jungfrau Joch (11,340 ft). 
This railway was completed in 1912. The Bncycl. Br. (t9^) 
in one pkice says that tffis line 'passes by a tunnel 4f miles long 
through the Eiger, MOnch and Jungfrau Joch’, and in another : — 
'The electric railway from Eiger glacier to near the summit of the 
Jungfrau includes a tunnel 1*5 miles long, 11 ft 10 in. wide and 
12 ft. 6 in. high, with a midway station having arches throng file 
side from which a large part of Northern Switzerland can be seen. 
From the Jungfrau terminus, at an elevation of 13,428 ft, the 
summit, 242 ft'high, may be reached by an elevator.’ Judging from 
these meagre and appareuitiy conflicting descriptions, the tunnel is 
perhaps not*a continuous one but divided bj^gaps. Fnller detaihi 
will show whether any section of it exceeds 2 miles in length and 
lies at a higher elevation than the trans-Andine tunnel below the 
Cumbre Pass. 

The trans-Andine tunnel is a replica of the Alpine tunnels, uid 
the pathyray bad to be arduously bored similarly by powerful drills 
ffi^ven by j^preased air. The engineers and workmen bad to work 



At first sisffiMtril from 
whib daring tin tong moofiis of wintw tb^f won wpoead 
|e bIftaM ooM. Farkias blizzards wonkl soddonbr spring np 
bad bn^ tiio sheltws boosing tin workers several feet de^p in snow, 

‘ iM) 'llbdbrd Qdght at which the Barking of 1 « mne.* 

•a 0og has been heard ^ •»uw 

‘ |fi5) Greatest Height (aboveground) at 
which Bactena or disease-can 7 ing 
organisms have be^ fotmd active 

Note 

Frafossor DUtoa Weston d the Cambridge University of Agri< 
eidtas^ who in 1929 was in control of operations by aeroplane to 
(fiaoover bow endemics are broadcast tjuroagh a thin air corren^ 
hna collected valuable information on the sobjech Carefnl ezperi* 
manta showed that hnman diseases coal4 be transmitted over long 
distances thsoogh the upper air. Nomerous bacteria are active even 
two miles above the earth’s surface. Clouds form a particularly 
fine vehicle^ being more heavily charged with bactnia than the air 
immediately below. 

A bactorium is a vegetable microorganism and one of the 
■nnotest of living organisms; and yet a scientist estimates it, 
iqac^* to be a million times larger than the largest organic 
pnrieCTles or a billion times larger than ‘ a few score electrons ’ ( the 
iin|ative particles of an atonO I To convey at the same time an idea 
of its minuteness, he adds that its size is a trillionth that of a 
Intitorfiy. But infinitely small as the bacterium is, there is an 
o rg a nis m considerably smaller than this microbe and smaller even 
tinn tiie filttable viruses of smallpoz, rabies and yellow fever which 
as a rule, minuter than ordinary bacteria. It <was discovered 
^ tite aeamd decade of the present century. This remarkable 
organism is a parasit^wbicb infests bacterih is sfid to be a 
tiwwsaod times as small It is named bactmofihagfit a term which 
means *eater bactcaria’. This discovery reminds us (d Lowell’s 
lunilkur iraes}— * 

* Great fleas have littie fleas 
Upon thefr backa to Ute ’em ,* 

And little fleas have leseer fleaa^ 
Andeoadinflnitton,’ 
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<»qeante is dSsooveted tereafter it k fiMod td fis Id 

the bactwiop&ai^f , ; 

The modus operattdi of the bacteriophage b 
Having settled on a bacteriom, it penetrates 'mtd^itSrbedsiWt^ 
makes more and more room for itself as it sucks op i# Wce^ aad 
finally lays eggs there. At last the lifeless ^11 of the vicdbit 
borstst and tiie new-born bacteriophage are ready to pursue similar 
operations on other bacteridt The bacteriophage by its . lai^ 
mnl^ication evidently serves to keep down the number of bacterie^ 
fee the bacterium is a very prolific organism and a sin^e organisat 
doubles itself in about twenty minutes, so that it becomes a graadfatbec 
in less than an hour ! Hie babterium is probably the mo^ tenadbds 
of all living organisms. 3onie species can live without air lor aa 
indefinite period/ while others resist cold of extreme intenakjft 
Dr. J. MacFadymi, an American Professor, was unable to Icitt 
certain types of bacteria even by keeping them in a bottle of liqoid 
air for twenty-four hours I Liquid air represents a temperatiae 
of -195-fif*C. (-320-44'' F. ). Dr. C. A. Magoon of the United State$ 
Department of Agriculture told a meeting of the American Chemkd 
Society that some of the worst forms of bacteria were found to 
renuun alive for ten hours even in liquid hydrogen I Now hydrogen 
liquefies at -422^F. (-252'’C.), a temperature representing oyer 
450 degrees of frost on the ordinary English scale, a temperatore-so 
low as to turn solid all the gases cd the atmosphere except hydrogen 
mid helium I Liquid hydrogen is so cold that like liquid air, edmi 
dropped on a cake of ice, •it boils*furiously. Eveb'bt much lower 
tdmperatores hard metals become as brittle as glass, and a metal 
bar as fragile as a twig. 

The longevity of some bacteria is so amazing as to be almott 
iocrediUe. Certain typra have been tecentiy found^m a ooal-seua 
in Germaiqa Coal, as trplained in our first is a mass of 

compressed and mineralized vegetable matter. It belongs to what 
is called &e Upper Carboniferous ssrstem which in Europe began’- te 
form in the later period of the Palaeoz^ Age. The bactoria 
iliscovered in the coal most have lodged themsdves in it smea 
time it am laid down, and been efifoctually entombed there for^ so 
’‘teoyhatebedmiBion years! Hat they sfaonld have sorvtvedftihtt^ 
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^ ovwlyii^ 1^ cock 
a«4^<^ttvedidl al<»^ fM oicygen, is^ply EMrvaUQa^ 

tliew particolar and emit a soft glow like 

: may thus be r^iarded, in many respects, as a 

pftBtetnatt^ I^nomenon among earthly organisms. It is, however, 
killed by tdtta*violet rays. 

Lominons bacteria are not so rare as might generally be snp- 
pMed. Pntrescent fish and flesh atfd other decomposing organic 
batter often emit a gentle glow owing to the presence in them of 
luminescent microbes. As these organisms are very minute — some- 
thing like l/25000th of mi inch in diameter — it is impossible to see 
them individoally in spite of their light But when present in vast 
oofOaies they are easily visible. Like luminous fungi these types of 
bactwia g^w both night and day, but to be able to emit lig^t they 
need air <« oxygen. Experiments have, shown that they cease to 
d>ine when placed within an air-pump and the air is exhausted, but 
become luminescent again with the readmission of air. The light 
of these bacteria is absolutely cold and is due to the same chemical 
agencies as in fire-flies and luminous fishes and fungi. 

Dr. F. d’Herelle, a French physician working in Yale University 
undone (b the discoverers of the bacteriophage, visited India some 
yearswgo at the invitation of the Government to assist in the exter- 
mination of cholera in this country. He centred his activities 
atoond the holy city of Pori ( Jagannath ), as cholera was then raging 
In tib|ty| 0 wn and the district. The wells had become contaminated 
and the epidemic spread rapidly? The doctor and his assistants 
fk^^ared solutions of cholera-bacteriophage and dumped qbantittm 
af the liquid into the wells in the whole district with the result that 
ttie dentil rate and number of attacks fell off in a shoit time. 

upon with jfreat veneration by the 
ISindna, It is well Imown that its water is defiled by dvmy sort of 
filth cast into it man and beast and yet pilg^dms drink mouthfuls 
of it; mke Ix«ne vess^ filled with it, distribute it and sip it at 
rdkdotik fhnetio]^. - Oblong Hindus it is even customary to poor a 
jigiocmfa! of it into tiu month of tiie dying. It is an age-Umg and 
aknost nnivetsad belief with Hindus that m ^ite of its poUatkm tl« 
flia protect ti» partakers of this holy water from effects. 
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*'nii8 belief bas proved to be soond as a result oi research ia 
bacteriology. 

It was found many years ago that Gauges water contained the 
bacteria of some of the deadliest scourges of mankind and yet its 
internal use produced no harm. F'or a long time die mystery 
remained unsolved. At last a new generation of scientist! made a 
fresh attack on the problem. They arrived at the theory that the 
water nourished other kinds of organisms so minute as to defy 
detection with the most power^ microscopes and that these tiny 
organisms were annihilating the bacteria. The theory was put to 
the test. A quantity of Ganges water was filtered in such a way 
' as to leave, according to all known laws of science, no organism 
alive in it. The filtered water was treated in the required mam^r 
to obtain a culture (rf bacteriopiyge, but without perceptible result 
• A few drops of ^ were tl&en poured mto a test-tube containing a 
slightly milky culture of the most virulent bacteria — the germs of 
snch diseases as cholera, dysentery and enteric. The milkiness in 
the tube disappeared, and its contents were carefully examined with 
a microscope. All the bacteria were found to be dead. It was 
thus definitely proved that Ganges water contained, side by side 
with malignant bacteria, filter-passing organisms which attacked 
with deadly effect bacteria of the types bottled in the test-tube. 
These experiments have been pursued further, and it is claimed 
that bacteriophage inimical in their natural element to bacteria of a 
single disease can be trained to attack two kinds of bacteria and 
later three or four. 

The School of Tropical .Medicine at Calcutk, avinling^ itl^ of 
these valuable results, produced a culture a few drops of which, 
administered through the mouth to a dysentery patient, hav^ it is 
stated, effected ia a few hours a cure which normally takes days or 
weeks. But this new remedy has not always proved infallible aqd 
not all medi<^ men accept it as an absolute cupe. 


( 66 ) 


Greatest Height at which a Locomo- 
tive Whistle has been heard 


0ver2ini]ea 


(67) World’s Third Highest Gioup oi Thermal 
firings— the Baths at Toro Elqui 
in Province Coquimbo, Chile, South 
America 


110,690 ft 


14 
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msdSprings^tlioseat theiamous shrine f io^it. 
of JumnStri (Tehri State), Himalayas J 

r Ndte.— Jomo&tri is situated 4 mfles bdk>w the glactor to which the 

liver Jumna owes its source, Close tqr the Jumna temple lie a number of 
hot qnings from whidi water issues at a temperature of 90*4o.C. 
(IM-T^P. ). The idigrims cook rice in these springs. 

Mai^ hot ^Mrings occur in the Ladakh Proving of Kashmir, and it is 
possible that some of them lie at a h^her elevation than the Jumndtri 
group, but we have no information on this point The best-known of the 
Ladi^ springs are those at Nubra and Puga. and their temperature is 75%. 
<167" F.). The water is dear, and there are beds of soda bdow the springs. 
The Pugs qnings lie in the bed of ^ stream where th^ bubble out at 
temperatures ranging from 26-7*' to 60** C. ( 8(P to 14(P F. ). The hottest 
con^n sodium cblwide and sulphuretted hydrogen in adution, and those 
of knm’ temperatures sodium chloride tgxl s^um borate. 

(68) Most elevated Observatory in Indid— the ) 
one at Leh, Ladakh Province, Kashmir 

Note 

This is a meteorological observatory. Two other weather stations 
above 10,000-ft. level maintained by the Indian Meteorological 
Department are at Dras ( 10,059 ft. ), Kashmir, and at Kailang 
(10^87 ft ), Kangra District, Punjab. 

A folly equipped meteorological observatory will have bumneters, 
ao4 at . least one barograph to record the changing atmospheric 
^l^upe on a moving drum ; thermometers for maximum and minimum 
rMem|pSj^of,]^e air temperatuae, and thermographs for recording 
them ; a psychrometer which, by reference to tables, gives relative 
humidity or moisture in the air, dew point and vapour pressure; a 
hjrgrometer s|od hygrograph, for determining humidity; an anemp* 
i&eter to give velocity wind; an anemoso^tnr wind vane, for 
diunctityt of wind ; # nephoscope for making observa^itms of cloud 
movnoents, their direction and velocity at a g;iven time ; and a rain- 
ga^e fbr meastiriDg the quantity of rain which falls at a given place 
^ieg 24 hours. > 

There afe aboqt SiO- observatories in India maintained by the 
Meteorological Department which take daity weaUitf records. At 
ittie main or finrt claaa observatories, besi^ the nsnal weather* 



reoc^tV tostownents then) aro seiaiibgfai^ delicate instrameate 
whicb can teootd ea r thqnakes occurring as far away as Peru. The 
chief centre for this work is the Colaba Observatory at Bombay. 
The {nrincipal observatory for work in terrestrial magnetism is the 
one at Alibag in the Kolafaa District of Bomtuiy, a place which lies 
oh the magnetic equator. There is also an astronomical side to the 
Department’s work. The fundamental time-keeper with which dodis 
and watches have somehow or other to be compared is the transit 
overhead of the sun or of the stars. The Colaba and Calcutta obser- 
vatortos make these fimdamental comparisons and operate the time- 
signals at the ports for the benefit of shipping. The Railway and 
Telegraph clocks are set by the Calcutta time-signal, and they form 
the standard by which the general public set their own clocks and 
watches. The diief astronomical observatory is the one at the 
Kodaikanal hill-station ( District Madura, Southern India) which 
has the specialized function pf studying solar physics. Here is made 
a systematic study of the sun and solar phenomena by means of the 
spectroscope, spectro-heliograph and other instruments. The work 
at Kodaikanal and at the Magnetic Observatory at Alibag is carried 
out in accordance with an internationally agreed progranune. 

The means adopted by the Department to fulfil its weather- 
forecasting duties shows the well-organized manner in which they 
are conducted. A corps of observers at different stations ^ead 
standard instruments in standard exposures at uniform intervals and 
keep their records according to a uniform plan. There are mote 
than 3,000 rain-gauge observers in India who take obseTtMi^ 
every morning at 8 o’clock 'according to a uniform plan atad^tmout 
30d observers who take fuller simultaneous observations at about 200 
separate places and telegraph them to one or more forecasting 
centres, where, for rapid assimilation, their telegrams are decoded 
and weather charts drawn. The organization is so extensive that 
telegrams from as fax away as the Persian Golf Ihid Aden on the west 
and Burma on the east, based upon observations taken every 
morning, are received, decoded and plotted opt at Poona, the head- 
quarters of the Department, before 11 a.in. |^he preparatitm of 
weatbrnr-maps at selected centres is the basis of every modern wea- 
ther service. These nu^>s are essential for checking the work of 
die variottiB observers, and toey supply the data on which to base 
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OidM % iqwcial observations, aod tits ntetsordogtst is tfatis eqs^^ 
to iMseast the major events of weather sudt as cyclones and wide* 
^Sfead iMavy rainfolL Some of the observatories take obsorvations 
ier climatologicid purposes, but do not teleKraph them. 

The duties of the Meteorol^ical Department are mnltitndinod^. 
They include: (1) The issue of timely warnings to ports and coastal 
districts of the approach of violent storms. Since the introdnctbn 
of wireless telegraidty this doty ba% bemi extended to include tin 
issue warnings to ships in Indian seas. (2) The maintenance 
of systematic records of meteorological data and the publication of 
climatological statistics. These were originally nn^rtaken to fur- 
nish data for the investigation of the relation between weotiier and 
disease. ( 3 ) The issue to the public of ^up-to-date weatiier reports 
and of rainfall forecasts. These duties were originally recommended 
by a Committee of Enquiry into the ^causes of bunine in India. 
(4) Meteorological researches of a general character, but particularly 
regarding tropical storms and the forecasting of monsoon and winter 
rainfall. (5) The issue of seasonal rainfitil forecasts. (6) The 
issue (rf wamk^s of heavy rainfall by special telegrams to District 
officers on the Departmental warning lists {e.g., canal and railway 
engineers ), and by means of the ordinary daily weather telegram to 
the general public. (7) The supply of meteorological, astronomical 
and geophysical information in response to enquiries from Officials, 
commercial firms or private individuals. ( 8 ) Technical supervision 
(tfi punfall r^stration carried out under the control Provincial 
O^mrnment authorities. (9) The stO(|y of temperature, humidity 
and pressure conditions in the upper air ^ sending up small balloons 
carrying recording instruments, and the study of upper winds by 
releasing an^ observing pilot balloons. ( 10 ) Observations and 
ceseatohes from time to time in terrestrial magnetism and atmos- 
l^hhric dectricity. (U) The maintenance of seismologicd instrun^ts 
at various centres for recording earthquakes occurring in different 
parts of the world. 

htoet the ne^ <fi aviation which, of course, necessitate close 
and constont touch'^on thapart of the meteorologist with sudi weather 
pbmiomena as fog, clouds, thick dust-haze, dust-storms and thunder- 
8torm% the ^ r^ponalforaiasting centres at two points 
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aIcQg tha nwia air«toot^ vin., Karachi and Calcntta* ndtera aneaUiet 
charts are inepared twice a day. It is reaponsible for tlM sopcdy of 
weather reports and forecasts to aviators on roates also outside 
Northern India. Many of the weather phenomena are local and diort- 
lived and are liable to rapid changes, and hence the need for obsnrvac 
tions more than once in a day. 

The head-qaarters office at Poona serves as the nudn.ft>reeasting 
centre fot the Indian area and publishes the Duly, Weekly and 
Monthly Weather Reports and an annual volume entitled the /ndfow 
Weather Review. It undertakes the issue of heavy rainfall wam« 
ings tor the whole country excepting north>east India, and tiie issoe 
of warnings of impending storms in the Arabian Sea. It is tespmio 
sible for practically all climatological work in India including dmck. 
ing and computation of dafa received from most (d the meteoro- 
logical observatories and the preparation of normals of rainfall, 
temperature, humidity etc. ^for all observatories. It collects and 
analyzes weather logs from ships in the Arabian Sea. It isresponsi* 
ble for the design, specification, test and supply of special meteoro* 
logical instruments. Since its transfer from Simla to Poona, the 
office has been equipped as an upper air observatory and has also 
been designed to afford facilities for research in theoretical and 
practical meteorology. 

The Alipore Observatory at Calcutta serves as a regional /ore- 
cast centre for the air-route between Allahabad and South Burma, 
and is responsible for the publication of the Calcutta Daily Weather 
Report for north-east India, for storm-warning in the Bay of Bengal 
and heavy rainfall warning in north-east India. It has conqdete 
charge o&all second and lesser class observatories from Assam to 
Orissa, while its other duties include the supply of time-signals to 
the Port of Calcvtta and by wireless to shipping ip the Bay ot 
Bengal, It is also a first class weather observatory, pilot balloon 
observatory and seismological station. 

For upper air work in India, the head-quarters is the Agra 
Observatory. It is responsible for the upkeep all the idiot 
balloon stations in India and neighbouring obuntries and for snpidy- 
iag them with the necessary equipment for carrying out daily pilot 
balloon observations and supervising their wmrk. These dutiea 
have necessitated the provision of a fachnry for the mamffacture of 
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a^HUabe a workshc^ for the repair of iostrameats and hjndrc^ 
and the manofocture ot upper air instruments. Al} data iln^ 
l^iot balloon observations are collected, diecked and statistioaUy 
sninmarized at Agra. This observatory is the principal centre of 
upper air research work in India. 

The C(daba and Alibsg Observatories specialize in the study of 
geophysics, particularly seismology and terrestrial magnetism, be^des 
carrying out the duties of a 6rst class weather observatoiy,>>i^ 
taim star and son observatbns for the detehnsnation of tips and ate 
responsible for the time — ball service at Bombay Hjtfboor an4 the . 
rating chronometers belonging to the Royal ;^>^pt-Mas1ne and 
Royal Navy. 

The Kodaikanal Observatory is the biggest in India andtjakiaown ^ 
the vnnrld over. It stands on a peak of the Palni Hills at an elevation 
of almt 7,700 ft. It is one of the compnratively few solar physics 
observatories in the world. Some of the important research work 
done here is referred to in our chapter on the Son. But while the 
observatmr specializes in this branch of astronomical study, it also 
undertakes the duties of a first class meteorological observatory and 
a seismologicsd station. The only other astronomical observatory in 
India is the Nizamiah Observatory of Hyderabad ( Deccan ), which 
is explosively occupied with problems of solar physics. 

It is needless to point out that for all these dotieii;:Which are of a 
oomidex and highly technical character a well-truiia^ staff of 
scientists is necessary. Indianization of the services has ^haps in 
tiifo Department more than in any oth» gone on apace. Almoet all 
fihe first class meteorological observatories in the country andltbe 
; JIagaetie Observatory at AUbag are tx>w under the direction 
and industrious Indian physicists, many of whom hdve distinguished 
themselves by their research work in seismology and other brandies 
of geophysics, and in fimndo’-stornis and other ,atni 08 ldieric 
plMiioamna. 

A new branch activity is being introduced at Poopi to give 
idfoct lo a adieme of reSearch in Agricultural Metemdogy, which 
will mrtend provisionally for a period of three years. The work 
begin witih a oitied enquiry of the avdlaHe data on the cues 
yidd of crops for the different Provinces and DitdrictSt which 
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wiUjbefmbiBQtwntly 0^^ with aoettmaiated^^i^^ 

'Hiera will also be ati experimental or bMqe^^ side to tids wcark 
in^tigaticm. The new branch will dedde what meteorolbgicai 
and physical data sboqld be collected regularly at the varioqs experi- 
m«atei {arms in the country for future correlation with the rate (tf 
gxowdi and the yield of crops. The preliminary investigations will 
aim at the selection of the best methods and their standar^zatjon for 
measurement^ solu radiation, evaporation, soil temperature and soil 
huhddif > th^^thesadatama^ventuallybe systematically mauntai* 

ned thi^ j^w^^ and the humidity andtesB^pOratuxes 

of iaiK" Tl^et^^ fwiaipfei;.|gillh"itall be mainly in connectfon with 
the niifocMx^lf^ Of the air foyers near the ground and the flow of heat 
and wathr It will be one of the objects of tte 

new bdUQcb to interpfot the needs of the farmer to the forecasting 
section ol the Department a^ assist him with such useful data as 
warnings of adverse weather like frosts, heat waves, cold waves and 
heavy rainfall, so that he may take protective measures in time when 
possible. Weather forecasts, if supplied to the farmer, will be of 
‘ great value to him in his operations. By close cooperation with the 
Agricultural College at Poona it is expected that a model agricultural 
meteorological statkm will be opened duringthe first year. Such a provi* 
sion will fumidi the basis for the extension of systematic experi* 
mental work in agricultural meteorology to a few selected experimen* 
tal farrhs in diSprwt parts of the country. 

The mo^vt^vated observatory in Asia is the one at Gyantse 
( 13,110 in Tibet, which is a meteorological station maintained 
by the ^wemment of Indit^ Therp were two still higher ones, at 
Phaiiic^( 14,400 ft. ) and Gartok ( 14,240 ft. ), also in Tibet, but 
the former w>s fo 1915, and the latter has been temporarily 
shut down. « 

The worfo's fofriest Observatory is the one situated on the ax>w- 
bound crest of Mcmte Rosa, Swiss Alps, the seccmd highest peak fo 
the whofo Al^ It stands at an elevation of 15,317 ft. above the sea. 
Here the perpetual snow gives records of extreme cold the year 
KHWd. : 

(70) WtMrld^ Highest ‘Bubbling SpHi^>)-tbe 
»Dring at theltoous^ne of K^diumatb, 
icuinalayM 


} 


ll, 7 S 3 ft 
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Note 

1b tills qMiiS* says a writer, 'every lew seconds large bubbles 
of gas rise up tfarough tiie clear water. K^darnath stands on the 
bank of the Mandikini river. 

In the Himalayan region referred to there are other important 
springs besides those already mentioned. Some are situated at the 
shrine of Trtyugi Narayan. Four lie near the village of Tapoban, 9 
miles {torn Joshimath, the winter seat of the Rawal or High Priest 
of BadrinaA and ot» of the four Madis established in the Himalayas 
fay Shri Shankarichirya, the ‘Apostle of the^Iills*, for his disciples 
ai^t tile 7th century A. D. The temperatures of the watmr in these 
springs vary from 37» to 53® C. ( 99® to 127® F.). All the Himalayan 
s{xrings are mentioned in the K6dara Khanda of the Skanda Purlpa. 

The great poet Kalidasa, in Raghuvttmsha, defines a Tirtha as a 
hdy place, a place of pilgrimage, especially on mr "near the banks of 
a sacred river or near a spring. The Himalayan shrines which we 
have mentioned are therefore Tirthas in even a wider sens^ since 
they are all situated in the proximity of both a river and 
a group of springs. Our ancients thus exercised great foresight 
in selecting for these shrines spots close to thermal springs from which 
issue health-giving waters. 

Hot springs occur in various other parts of India. There are 
numerons hot springs in the districts of Ratnagiri, Kolaba, Thana, 
Khandesh, Kaira and Panch Mahals and in the Province of Sindh. 
The temperatures of the Ratnagiri springs range from 3tf C. ( lOf/* 
F. ) to almost bmling point. The Tilukas ( sub-divisions of a district) 
of Bhiwandi, VSda and Mahim*ln Thana District contain a number 
of hot springs, a few of whidi lie in natural hollows in tlft rod? in 
the bad PF a river. They are submerged during the rainy season 
wnen the river is full. Their temperatures range ftom 43® to 58? C, 
( lie? to 136? F. ) and remain uniform. The best-known springs in 
Siidb are those oi Lakhi near Sehwan, L&rkana District, Magar 
Fir, nCMth of Karachi. The Lakhi spring, popularly known as Dhira 
TIrtfa, ftiws from the ^ of a steep limestone cliff, 600 ft high, 
called the Dhira HilL * Cisterns have been constructed to provide 
ladlities for faatiiing. The temperature of the spefog water 
varies between 102? and 124® F. (39^ and 51* C.). Ibe Pk 
i priiig s are rituided amidst barren, rocky hiDs^ tiisit tempMature 
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being 133** F. ( 5(^ C. ). la aa adjaorat >x>l by a maacm- 

ry are confined a ntunber of marsh arboOdUeSi, hence die nanw 
Magar spings. In Madras Presidency there are in tile bed of the 
GodSvari two warm springs one of which lies in #ie middle of tin 
river at Bhadricbellam, about 100 miles north-east of fia^dimandiy. 

'From many springs in the Bhiwandi Taluka babbies of gas rise 
and give off a strong sulphurous odour which in one case has unranan- 
tically been described as ' the smell of rotten eggs and gun washii^s V 
The nasty smell must be due to the gas being sulphuretted hydrogen 
which, bsiog isss freely absorbed by hot than by cold water, escapee 
in larger quantities firomhot sulphur springs than from lukewarm or 
cold ones. The ‘bubbling spring’ at Kedarnath evidently differs in 
some respects from the otiier springs in the Himalayan region. Fts 
water is highly impregnated with iron and sulphur, and it appears to 
*be a cold s(»ring.or a lukewarm one. 

Spring water containing jron and sulphur is considered to be 
beneficial to persons suffering from anaemia and chronic diarrhoea, 
and solphurous water, both hot and cold, to be efficacious in gout, 
rheumatism, dyspepsia and affections of the liver and the skin. The 
waters of many of the hot sulphurous springs in Sindh are reputed to 
be beneficial in obstinate skin diseases. 

There is a large group of hot springs at Rajgir, the capital the 
ancient kingdom of Magadha and now a Jain place of pilgrimaga in 
Patna District in the Province of Bihar & Orissa. They are more 
than a dozen in number and lie on both banks of the Saraswati 
rivulet. Their temperature is about 42P C. ( 108*^ F. ) and they are 
usually hottest in November or December when the outflow is at its 
maxsnum. • These springs have been found to possess radio-active* 
properties which Sir Jagadish Chunder Bose and Professor N.C. Nag 
have been studyii^ for many years by means of a highly sensi- 
tive electrical apparatus specially constructed at the Bose Institute, 
at Calcutta, f^rofessor Nag especially has made eatmsive research 
into tills radio-activity, detailed results of which, along with informa- 
tion about a number of similar hot springs in other parts of India, 
vrill be published in the next Transactions of the Institute. Many 
■uineral springs are slightly radio-active, and such therapeutic valum 
^J^r waters may have are due to their confauning ra dium emsma- 

"Vot exidanation of this term, vide Chapter VI, Item 1. 

15 •: 






tiii|a gis Gi^«i) radoa Tlieraudi spikeB MAet&adice'Qits^^^ 
v^ve Ottt onrestricted bathing in th«n has proved injinri^^ 
ilOMica sick persons are permitted to bathe in their vrateo’s, oidy for 
pariods fixed by ap: attending physician. Most radio-tben^peotists 
semn to be of 'Ihe c^inion that waters contaunii^ radio-active sub- 


stances in sufiScient quantities to affect the body may be dangerous 
wi^ taken intmmaUy and should never be so used except nnder the 
ouefol supervision of a competent physician. Professor Nag's im- 
pending report will show to what errant the Rajgir and other springs 
are radio-active. 


In Icdand the hot springs are effectively exploited in numerous 
ways for the general well-beii% of the community. The Govern- 
ment and the Municipalities were authori:»d some time ago to take 
Over all the hot springs in the island. Ip 1930 a hundred of them in 
its southern part were purchased along with a tew farms. One of* 
diese forms has been converted into a ^ry, the machinery of which 
is worked by steam from the springs. The experiment has proved 
so successful that more dairies are being built. Another form is 
being transformed into a saniforium for consumptives, as the spring 
waters there have been found beneficial in pulmonary troubles. The 
sprii^s are also taken advantage of to provide heat for hothouses, 
and they have thus noade possible the cultivation of various kinds 
of vegetables all the year round. In the neighbourhood of Reyk- 
javik, the chief town, lie a number of hot springs which are utilized 
to satisfy civic needs. The water is carried to the town by pipe 
lines and is used to heat some of the city’s dwellinghonses and also 
laundries^ schools, hospitals and other public buildings. Besides, a 
warm water swimming-bath has been opened, receiving, its supply 
foam tihe springs at a temperature of about 90^* C. ( 194® F. ). Cold 
water is no doubt carried into it by another pipe to bring down the 
’temperature to a bearable point Through the scientific use of her 
e^trings Iceland Inds fair to become in course of time Bgricultutaily 
indtafieiident 

The heat of hot-spring water is variously mtplained. According 
to theory, it may Save its origin in subterranean lava. A more 
convincing explanation is that m^eoric waters — a comprehensive 
tonal which includes besides rain-water other forms of water 
isecipitated from the atmosphere such as dew in foopical regions 



uam tosyACB ft lower troposprbrb 11$ 

• 

and now nd irost in odder regioas» after pnetsatiag de^ into 
die aarteit rise np again along fissures in the roda underground, and 
acqairing the temperature of these rocks, nterge at the surface as 

t^t at thermal springs. 

• > 

Eart hq ua k es are sometimes accompanied by strange bdiavioar on 
the part d hot springs. There was a severe earthquake in Smitih 
Serbia (Jugoslavia) in Mmrch 1931. Professor Jeienko Miiuulo* 
vitdi. Director ci the Belgrade Seismological Observatory, after a 
careful study of its effects, obhqned confirmation of the report sent 
out from fite affected district that several hot mineral springs in tbs 
area disappeared suddenly and reappeared hundreds of yards away 
' in the form of geysers spouting several feet into the air and showing 
a much higher tempemture than before. A day after the great 
earthquake of 8th March, the hot water returned to its original outlets 
* but inareased considerably in volume . Its temperature was thmi 
found to be about 49*^ C. ( 12(y’F. ). Shortly afterwards the springs 
returned to their normal temperature of 36° C. ( 97°F. ). Within 
300 yards of these hot sulphurous springs lay a spring of cdd 
iursenic water, which remained cold but whose volume increased 
enormously. 


( 71 ) 


Elevation of the Cave Shrine of 
Amarnath, Himalayas 


About 12JOOO ft 


Note. — ^Amarnath is a celebrated mountain shrine in the snows 
between the main body of the State of Kashmir and its Tibetan pro* 
vince of Ladakh. Many Hindus believe it to be the ‘Abode of the 
Gods ’ and therefore look upon it as the holiest spot on the earth. 
Thousands of pilgrims from* differerft parts of India visit the place 
cvefy yea/. It is a march of about 100 miles from Srinagar, the 
last 40 of which axe extremely difficult and often dangerous. Serais, 
which consist of Itone-walled, iron-roofed huts, are provided by tibe 
State at convenient stages to within 5 miles of the cave. The route 
for the first 60 miles op to Prffilgam is ea^. The scenery thereafter 
is superb. Lovely flowers grow in exuberance along the route, 
the large showy white peony, the flag-flower ( iris ), the wind-floww 
(anenone) and Alpine flowers, many cS wffich impregnate flie air 
with their sweet perfume. 

Tlie route has to be repaired every year, for, with ttie melting Of 
snow^ tiw at all high camps are shattered by avalqndw? 



jjtiiEl j^dir to(^ (iften a nule off, tfaexivetabAMmafla^ 

away. But (» ttiis aaux^ iracnar^ a 
.%iitet who has visited the shrine, ' the nnigne charm of Kashttdr is 
topically illnstra^. Yon conld easily ima^e yourself in Japan, 
Scotland, C ana da, the Dolomites or Switzerland, until yon arrive at 
12,000 ft amidst scenery which only the “ Roof of the World *’ can 
show.' Here lies a glacier-fed lake named Sh6sh NSg with large 
masses of ice floating in it Immediately in the background rears up 
the massive block of Kohinnr, ' Mogptaun of Light ' ( 18,000 ft ), the 
e^<sy of which, is seen at its best at sunset The pilgrims r^^d it 
as their sacred duty to bathe in this lake. Sometimes one single 
summer brings 6,000 people to the shrine. Dozens foil victims to' 
pneumonia. Ip a bad year hni»ireds have perished in the floods let 
loose hty the melting snow, and once a large party of pilgrims, 
suspecting the good faith of their Mahomedan guides, refused to hurry • 
back over the waterriied and were entrapped on the Amarnath side 
a heavy snowfall. * 

Frcnn Sb6sh Nag t!he route ascends to the waterriied (rf the 
Lidar and Sindh rivers to about 14,000 ft. Here the flowers are 
marvrilons wherever the snow has melted. A steep descent of 
2,000 ft from this place leads to a large meadow, a vast campii^ 
ground, from which the last march b^ins. The Himalayan marmot 
is fpund here in large numbers. From this point the path climbs 
so riiarpiy that no pony can be led up. The last 500 feet to the 
riirine are negotiated by the devotees on their hands and knees. 

The cave contains only three solid columns of pure white ice, 
each 4 or 5 ft high, stained with vemplion and hung with faded 
garlands of marigold. One remarkable feature about them is 4bat 
ritor never melt whatever be the temperature outside, though they 
increase and decrease in size with the waxing aad waning of the 
moon. It is probable that these phenomena have given rise to the 
ideu about the sanctity cS this place. All around cave grow 
* tiw l^drest and frailest of flowers ’ in every crevice, and the- writer 
to whom we owe most of our information about this shrine loses 
in rapture as he tries to describe ‘ the majesty of the scenery’ 
around and ' the sublimity of the towering shows' beyond. 

(72)" Vtdcan de Agua or Water Volcano, ) wiMft 
Central j 
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NMf viHemm bt to eslled beeauae jo i$il It liMsomi the ^ of 
(MdOue t e aw ile ly eddiigerfwiaer.The aonroe otthepwrt fe<4 aniet have 
ijeen • bfee in ^ ontter. The v<dcaiio hi ecmlbd hi stepe. Fran its crater^ 
whkih meawies 140 yda. by 120 yds., stones and torrents of boiling vMer 
areoccari on allydiacfaargeji, 

Goatemala is a vdcanfe country. Two other 'Wdl-known vdeanoes in it 
aie Santa Maria . (12,467 ft.) and Acatenai^o (13,615 ft.). A devastating 
eruption of the latter to<ric place in January 1932. According to. the bctef 
preliminary report, it destroyed at least three towns and covered a numbo* 
of other pbmes with dense clouds of smoke and volcanic ashes. 

(73) World’s most elevated body of water on 
which steamers oly— Lake Titicaca in the 
Andes Region, South America 

Noto.>-It8 length is about 130 miles, breadth 41 to 61 miles, average 
depth 100 ft. and greatest depth about 1,000 ft. 
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12.466 ft. 


(74) ElevfitiQn beyond which Forests > 
cease to grow in a dense form J 


12.000-13/)00ft. 


Note.— Thidc forests at thdte elevations occur in the Himalayas ah>n& 


(75) Elevation of Alto-Stratus Clouds ... About 13,000 ft. 


Note.— These are usually thick, grey or bluish sheet douds, somet hne s 
forming a compact mass of fibrous appearance. 


(76) World’s most elevated Flying Field— La ) io(«o ftL 

Paz, Bolivia, south-east of iSce Titicaca j ’ 

(77) Greatest Height at which Insects have ) ^ 

been caught J 

Note. — Aeroplanes are often used nowadays by entomologists to 
collect insect specimens at heights ,not previously invaded for sudi 
purposes^ They have in this way caught in spedally-made nets mites, 
gnats, wasps, flies and other insects high in the air. Balloon spiders, 
which ate wingless insects and are thus devoid of flght power, have 
been captured even at 10,000 ft. above the ground. Strangely enough, 
the insects found at die record height mentioned above are snail^ 
iioted f<x t heV sluggishness. Glider pilots have often seen butterflira 
thousands of feet above the ground. This curious migration of insects 
into the air is ascribed to three causes • - 'i; 

(1) Voluntary flight by the stronger of winged insects. 

(2) ‘Ttavd by certain kinds of insecta which partly rise finder their 
own wing power and iinurtljr atp parrM f>loft h)' vat^al, air 

: • ■ punetita. 
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CS) tIta a wpiw teU fltt by «S>iwrf bw^ ot tl» Bmatter md 

^|iit«r inaeeta and aometbms of iHBKieM bOK*. Aftoc titey 
are picked op and caidSed to great heigMA tbair couraea are 
&ected tqr tbe winda above the doada. 

The power of tibe wind u carrying op both objects and living 
cnatores is best illustrated by the whirlwind and the tornado. 
In India cases are from time to time reported of fishes having fallen 
from the sky during heavy thunder>storms accompanied torrential 
tain. Dr. E. W. Gudger of the Department of Ichthyology at tlie 
American Museum of Natural HistoSy, has found that ' fish tains * 
are also caused waterspouts which sock op fish along with water 
and drop tiiem inland as their velocity decreases. 

The tornado^ dreaded for its destructive force, sometimes attains 
a vehxity of as much as 500 miles an hour. The abnormally intense 
atr movements which occur during tornadoes haye been known to ' 
lift firom the ground heavy objects like ploughs, hen-coops and corru- 
gated metal sheets and to carry off roofs. A cart-wheel once came 
down from the sky near a village in Normandy ( France ) I Parts of 
roofs have been carried more than IS miles away. Mr. Ivan £. Houk 
writes in Modem Mechanics and Inventions of January 1952 : — 

•Smnetimes such winds sweep the water out of fish ponda lift the fish 
hito the air, and carry them many miles before they finally fsU to the ground 
as rains of fishes. A rancher in New Mexico picked up more than a 
bunded cat-fish, firom 6 to 10 inches long, after a heavy rain in September 
1930, the fish havii^s come down with the ram many m^ from the nearest 
lakes or ponds. Sometimes oranges, frogs, grain and the like are picked upk 
tran^MMrted and precipitated with the rain. There is one case on record 
where a young all^ator, 2 feet long,fame doip with the rain.’ 

At the disastrous hurricane which swept over Belize* in 
British Honduras on 10th September 1931, the heavy maho- 
gany doors of the hall in Government House *were wrenched 
off thrir hinges and sentffying leeward. The entire roof of the cathe- 
dral went sailing in the air, the top storey a three-stqreyed school 
was Uows down, and a light boat was caught up in the faty of the 
^ storm and dropped at the front door of tlm sdiool. Tall bouses and 
Negro.bnts vanished fnftn the landscape. In one area of the town 
Iba whcds peculation numbering about 1,000 was wiped out 


(78) Elevation beyond which Trees cease 
to grow 


134S7ft, 



* .t-A 

Not«.'-'nie cMlsr tfew found at aad^Uit clevatkv am pofilan 
ipowlBa at Mangmwg in Gnail Khorauin, a PinMliMe in Western Ubet. 
IntbeAndenMounUdnstteeaeadatalxtat 12,130 ft, luit in tbe donnaat 
v<ricano of Popocatepetl (17,879 ft.) in Mexico they continue up to a little 
over 13,000 ft 


(79) Most Elevated Town in the Eastern') 

Hemisphere—Junelache in Tibet, } 13,600 ft 

30* N. 88® E. J 

Note.— It ia the second highest town in the world and stands on the 
bank of the river Maghang Tsan*po, the Tibetan name for tiie traa»> 
Himaia;^ section of the Brahmaputra. 

World’s Largest Active Volcano— \ waTsfL 
Mauna Loa, Hawaii or Sandwich Islands j "^ ** **• 

tfote.— The name means *Long Mountain’. It has an enormous iava 
dome. Mauna Loa is not merely the largest active volcano but the largest 
mountain in the wodd in cubic content. It discharges at an enqrtkm more 
lava tiwn any other vdcano in the worid. For further information uidt 
Chapter IV. • 


(81) World’s Most Elevated Town— Pasco, "j 

the seat of Silver Mines in Peru, South h 13.720 ft 
America J 


(82) World’s Loftiest Island Mountain— Mauna ■) 
Kea, Hawaii Islands ) 


Note.— The name means ‘White Mountain’, the summit being covered 
with snow. In the true sense Mauna Kea is also the highest mountain peak 
in the worid, for, although there are scores of others higher above sea level, 
this peak has its base on an extensive jdain 13,000 ft. bdow sea level and is 
built up from there as a single mountain, rising within a distance of 50 miles 
to a height of nearly 31^25 tt.-^(Ency^Br., 19‘J9). As mentioned in Itmn 1, 
the«piain ia question forms the lowest tract of land in the worid. 

* The CordiUera Occidental or Western Andes of Peru presents a feature 
of outstanding interest somewhat similar to that of Mauna Kea. The 
mountains extend for some distance along the coast, rising afaruptiy .from 
abysmal troughs in the Pacific as deep as 20,000 ft This part of the Andean 
belt forms thus a continuous, gigantic watt— 40,000 to 42,000 ft hj^h as 
measured faaa the ocean floor to the summit— the loftiest mountain front hi 
the world. 


(83) ‘Roof of the World’— the Great 
Steppe or Plateau of PSTmir 
between Chinese and Russian 
Turkestan, Central Asia 


U 11000-14/)00ft. 



: ' ^ the nortiiernmost extremity of tile elevah^ moantaia 
^ the largest plateau in the world, stretching northward from 

Tlans-Htmal^ for 1,600 miles. The area of PSmir is about 
37,000 sq. miles. 

: Boomouf suggests, with considerate ingenuity, that the nmne is 
derived from the Sanskrit Upa-Miru, which means 'the land nem 
or resembling Mem ’ or ' Mem Minor ’ or ' Lesser Mem*. 

Most of the region is covered with snow for half the year, but in 
sfHring grass grows on many parts of the plateau in luxuriance. 
Two great rivers rise in this r^on. The Oxus or Amu Daria Hows 
off to the west and the Jaxartes or Syr Daria to the north. The 
best-known river on the plateau is the Panjah, a tributary oi the 
Oxus, which is so named, according to some au^orities, owing to 
its being formed by the confluence of* five (Sanskrit panchant) 
streams. 

PSmir is actually cut op by mountmn ri^es extending to a 
beii^t cl 4,000 to 5,000 ft above the plains into a number of smaller 
plateaux ot Pamirs, the most important of which, named Pamtr-i- 
Shiva oi Shiva’s Plateau, is of great extent and elevation. The 
hig^ and rugged mountain ridges and depressed river-beds which 
intersect the region make it a diflicult one to cross. 

The diief lakes in the highlands are - 

( 1 ) Z6r JCoot or Victoria Lake, area 25 aq. n>. Elevation 13,900 it. 

(2) Little Kaza-Kool, 15 sq. m. Elevation over 13^ ft 

( 3 ) Bodan-Kool, 8 sq. m. ElevSition ovet 13A)0 ft 

<4) Great Kara-kool, 120 sq. m. Elevation 12,800ft 

(5) Kang-Kool, 15 aq. m. Elevation 12,800 ft 

(6) Yaaha-Kool, 16 sq. m. Elevation 12,550 ft 

(7) SUva-KooL over 100 aq. m. Elevatioo 11,800 ft 

Some trf these names are of great interest. In Sanskrit .kara 
means a heap oi snow, and ' kociam * means a pond, so that the 
name Kira-Kool would mean ‘ a frozen lake '. Similarly, Rang-Kod 
would mean ' cploured like’. Sfaiva-Kool, like the Shiva P3mir, is 
ohvioa^y named after the god Shiva. 

Bisddhimiappcms to have flourished in ancient times in tiw PSmir 
for tiie Chinese traveller Hiooei^TsfUDg, who visited the 
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OxiM eotmtiies in 630~644 A. says tibere Bo^tiist 
jjionasteries or 'S^I^Iras in the PSmir bighiaads. 

Most (rf the for^^nog information is taken from the Bticyd. 

Brit.\1889). 

The eminent'French savant, Qoatrefages, says that, jnc^ring from 
what ensts to-day of this vast central region of Asia ( P£mlr ), it 
may be regarded as having included the cradle of the human race. This 
view, says Dr. William Warren in Paradise Found, has been widely 
accepted by mythologists, comparative philologists and archaeological 
ethnographers. Among the most distinguished supporters of this view 
may be mentioned Professor Max MQller and Sir S. Radhakrishnan. 

In his Indian Philosophy Radhakrishnan says that the V6dib 
Ar^ns and the Iranians lived originally in Central Asia as one un- 
divided race till the necessities of life, want of room and a spirit of 
'adventure impdled«them to leave their common motherland in search 
of a new hmne in different durections. The history of Indian thought, 
he adds, begins only when the Central Asian Aryans divided them- 
selves into two groups, the one coming down through Afghanistan to 
India and the other spreading over the country known as Iran. When 
the Aryans entered the Punjab, they found the aborigines of India, 
whom they called Dasyus, opposing their free advance. 

While a large number of Western and Oriental savants hold that 
Pamir was the scene of primeval paradise or original homeland of 
the Aryans, there is another important school of thou^t which 
strongly contests this view. It is maintained by this latter class <A 
writers that there is ample Vddic and other evidence to show that 
the cradle of the Aryan race Jies in Aryavarta or Saptasindhava, the 
famous Land of the Seven Rivers, the modern names of which are 
Ganges, Jumna, Saraswati (now dried up), Sutlej, Ravi, Chenab 
and Indus; that 4t was from this ancient land that the Aryans 
migrated to other countries and continents ; that they coloniz- 
ed even the Arctic r^ons over 200 centuries ago and established an 
extensive oolomal empire, and that, owing to the love of the Arctic 
colonists for their motherland, the latter kept op constant communi- 
cation with Aryavarta which they used to vihit from time to timK 
This theory is either advanced or supported by well-known Western 
Molars like Count Bjomstjerna, Mods. Delbos, Sir Waiter 
and Colond Tod. The most exhaustive work this snbjert whi^ 
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JNifl^ aeroM & f%« Afs^ntrl^Ht^ iUAr^Ooh^ 
ili»% 5 r N. B. Pai^gee, in whidi tilw author says 

*It seems tbaliWhOe acienoe favoutstiteideaof die Oriieat haThifbeea 
. tbecradte of the Aryana not to say of the wh(de human race» die VSdie 

testimony stq^iorts the thecoy of the Aryan cradle in Aryavfffta or 
the Land of the Saptasindhos or Seven Rivers. For instance, in R^. 
V^fda. the tract of Aryavarta, watered and traversed by the rivers of 
the Punjab, and lying between the Indus and the Saraswad. ai^peats to 
have been designated as the "God-fashioned Region'’ or the Land of 
God and the Scene of Creation.’ , 

In his History of the World, Sir Walter 'IRale^h strcH^Iy sup. 
ports dm general Hindu view regarding the cradle <A mankind and 
adds that India was the first country to be inhabited on the earth. 

Mr. Har BUas Sard§ in his Hindu Superioriiy qaoies from 
Vyasa’s Harivamsha a reference to Hi^idu colonization of the nor- 
than country of modern Siberia, where it is sai4 the Hindus esta- * 
blish ed a kingdom with Bajrapur as its capital. It is further stated 
that when the ruler of this new kingd(»n was slain in battle, the 
three sons <rf Shri Krishna Chandra with a large party Kshatriyas 
and Brahmans, proceeded to that country and the eldest son was 
installed on the throne as the successor of the dead king and that on 
die death of Shri Krishna Chandra his sons paid a conddence visit 
to Dwarka. Mr. Sarda elaborates this theme of Hindu migration 
hy ^ number of quotations from Colonel Tod’s Rajasthan, We 
n^j^uce one or two of these : — * The sons of Krishna eventually 
Idtthe Indus behind and passed into Zabulisthan, and peopled those 
oOontries, even to Samarkand.’ ' The annals of the Yadus of 
jaisalmer state that, long anterjpr to V^rama, they held dominion 
from Ghazni to Samarkand: that they establislrad theipselves in 
those regions after MahabhSrata or the Great War, and were again 
Impdied on the rise of Islamism within the Indus.’* 

The distinguished French astronomer, Mons. Bailly, in bis 
HisMrede VAstronomie Ancienne, rays: — ^'In Siberia and gene- 
nslly bdow the 50th parallel of latitude and between long. 80^ and 
13(f» ate found visible signs of the country having once been inha- 
Mted by a dvilized racS ; the mins of several towns which appear 
to have been at one time inrosperous ; mannscripts written cm pieces 
itf silk, . .... . and human figures carved in gold, sOvea and bronze. 

1%e li^ npresentatkm of Indian deitito* Iit another 
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(jaciM Qillltes a caitain * ML de P.* wbOf Indiana, mada 

the leqiaiks :-~^The most tanilife of all tb^ pemmces 

^ that which made them go on pilgrimage to tite pagoda the 
Grand Lama. They go even to Siberia, so that diese Indians have 
been seen going there on foot, carrying water and Provisions frma 


Calient as far as Selingdnskoi in Tartary.' Commenting on these 
remarks, BuUy observes The Indians themselves say that toe 
Biihmans came from toe nmrto. Can we not in fact take it toat 
these pilgrimages are a homage which the religion of the Indians 
pays to toe country in which it was bom ? ’ 


Bat data from numerons sources have been collected by Sarda 
and Pavgee, especially the latter, in support of the theory that the 
original nursery of mankind and of the Ary|ui race was Aryavarta it- 
self, toe Land of the Seven Bivers, and that this was the centre froth 
* which the Aryans subsequently migrated to other lands on the globe. 
It is possible to explain on ^the basis of this view the Hindu or 
quasi-Hindu names of some of the places on the plateau of Pimir 
and the references quoted above from Bailly’s work. The Aryans 
might have colonized among other countries vast tracts of Central 


Asia in the remote past, as appears from some of the facts already 
mentioned, and such relics of Hinduism as have been or may still 
be found there, whether objects or names of places, may date back 
to the days of Hindu colonization of those regions. The Indians 
who, according to Bailly, used to travel on foot from places as far 
south as Calicut in Malabar to countries so distant as Tartary, were 
probably merchants travelling abroad for trade. 

We have dealt so far with two*theories regardii^ toe original 
b(»tie of toe Aryans : first, that it was the Pamir region of Central 
Abia, and secondly that it was that part of India which we now 
know as the Punjab. There is however a third and very important 
theory propounded at great length, probably for toe first time, 
that great Indian poUtical leader and savant, Bal Gai^adhar Tilgh, 
in his learned work The Arctic Home in the Vidas. He mentioiis 
the existence df rdferences in the most ancient books of the Aryan 
>^3ce, the Vddas and the Avesta, showing thSt the primeval Arytto 
Paradise, the happy land of Airyana Va^jo as the Avesta calls it, lay 
in a region tor north vtoere the son shone only once a year, a reg^ 
which was in later tonos cendered uninhabitable by toe iocteaaaii tt 
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dtoMte dm to the iovasku of SQOW and iea» Hm Vddic and Avwiio 
tvadStiQDSt says Tilak, tave been foond trostwortfay when examined 
in tliB light of comparative mythology and geological and arch* 
aecdogical researches, and these traditions fally prove that the anoes* 
tots of the Vddic Aryans lived in the interglacial period in the 
Arctic region somewhere round about the North Pole, whioh is con> 
aideted by many great scientistsas the most likely part of the world 
where plant and animal life first originated and where alone a dawn 
of 30 da)^' dotation would be an ^tronomical possibility. After 
fbt destruction of this Arctic home by the last glacial epoch, the 
Aryans migrated southwards, and settled at first in the northern 
parts of Europe or on the plains of Central Asia. This migration 
thus took place at the be^innii^ of the post-glacial epoch, that is 
about 10,000 years ago. Elsewhere in ^his book the author states 
thut the Avesta contains some important passages directly bearing ' 
upon the question of the migration of the Aryans from their home in 
thedar north to the regions watered by fhe Oxus, the Jaxartes or the 
Indus. *It was on these plains ( of Central Asia ) we are told’, adds 
Tilak, *that our oldest ancestors gazed upon the wonders of the 
dawn or the rising sun with awe and astonishment, or reverentially 
watched the storm-clouds hovering in the sky to be eventually broken 
op by the god of rain and thunder, thereby giving rise to the worship 
of natural elements and thus laying down the foundations of later 
Aryan mythology.’ 

India’s most elevated Lake— Tsho Marari ') 
in Rupshu District, Ladakh Province, >• 14,900 ft. 
Kashmir-.State, 33P N- 79“ E, j 

Note.— Its area is 15 m. by 5 m. It is landlocked and the water is 
bcackiali. . 

Note. — ^Acoxding to a report in the Times o/Itiditf of 11th April 
193:^ while Mrs. Griffith Lloyd, a well-known Canadian woman 
fljor , and Mr. Stuart Wandell, a skilled mountain pilot, were dying 
over a peak of the Rodky Mountains 15,000 ft. hifid>, they saw below 
them two giant eagles attackii^ a flock of mountain sheep. Mrs. 
Uoyd, who was in charge of the controls, 'nosed down, roaring over 
the tnrds to frighten them from their pre^.' 'Eelieving the man-made 
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Mrd intandad to rob diaoi of tiieir meal, tito two eag^ cbaxged. 
Thar iiattowly escaped harfiing into tiia pcop^, &ad tma Uid 
brmdiedlow over the cockpit, striking Mrs. Lloyd, who momentarily 
lost control qf her machine and nose>dived several hnndted feet 
Finally, convinced that the angry eagles, ooirtinning to attack die 
machine, would wreck it unless the battle ended, Mrs. Lloyd turned 
the machine and dad, leaving the screaming birds circling above.’ 

A description of a fierce duel in the Indian sky in 1931 between 
marf and a bird oS prey appeared at the time in the local Press. As 
the Soomanian Prince Antoine Bibesco was flying with tiiree otixet 
airmen from Allahabad eastward on 17th April that year, they 
enconntered a vulture which with a shrill whistle swooped down on 
the invader of its domain, but by skilful manoeuvring Majmr Bur- 
duloin, the first pilot, evaded it The bird made a fresh charge 
* and this time so damaged the left wing of the aeroplane as to put 
it out of action. The vnltn^e was killed in the dnel but not before 
it had crippled the 'plane so seriously as to make a forced laiffing 
essential for safety. The machine crashed on a field between 
Benares and Gaya and caught fire. The airmen were badly burnt 
One them, the second pilot, subsequently died, but the others recover' 
cd from their burns. At an interview to the Press in Bombay prior to 
his return to Europe, the Prince gave a few further particulars of 
this aerial battle. The machine was flyii^ at 6,000 ft, when.the 
vulture fell upon it from a tremendous height with such force as to 
tear the metal wing of the aeroplane. The bird must therefore 
have swooped down from a point higher than 6,000 ft 

A somewhat similar eyperience»was met with by an airman in 
England on 24th April 1931. He was flying at a speed ci| 100 miles 
An hour and had just plunged into the clouds 5,000 ft over London, 
when a large Intd rushed at his msfchine and struck the propeller, and 
he had to make a forced landing on a cricket pitch. The aerpplaim 
crashed and pverturned, but die airman eso^ied unhurt 

On 13th August 1931 while a Flying Officer of the Royal Air 
Force in India was returning in his machine from Delhi, he met a 
huge vulture at a height of 2,000 ft The bi& threw a challenge to 
the invader of its territory by dashing against the aer<^plane. It was 
shot dead. In spite of the heavy weight of the dead bird on the wings 
of the machine^ the airmap continued his flight 



4 


m ‘ * tVOKIWWttnilMftli 

0 

Docing thiclien of BeiUaPd's wtom flight fftm ladf^ in 


Aflgnst enonnoas ft>ck of Egyptian voltonannw Mtoonotifw 

•databeii^tof 8,000ft.bet«eenAte|^andSo6a.At one monant 


ftnras feared that tiie aeroplane wonld ocdlkle with t^|p» bat ttima 
within a few feet of thpinadunei the birds dispersed ,<»i either am 


CBQ Highest Eleinsdon at which CultiVi 
tkm is carried on .. 





flete.— There Is a'duster of salaO Tillages at this elention ia^tlbet 
aaBied()nilxK^2W.87°E., where bsiley fa cultivated. The hi^iest ddrstioa 
In tile tropics where eultivatiim is carried on is a little over IdiOOO ft, the 
npioa being tiie part af Northern Andes in Venezuela hdng betwewi the 
ifttie towns of Merida and San Cristobd. For several thowand feet on 
ateqi^ rodt*strea4 elopes of the mountain up to its sununi^ wheat is grown 
by lie local Red'lndlanp. Owing to the high devationa troidcal heat 
is wbofljr absent in this r^n though it Ued so near the equator, and the, 
Ugher peeks here are covered with perpetual snow. • 


ISkSOOft. 


(®7) World’s most blevated •GCld-field' 

— Thok Daurakpa in Tibet, 3? N. I 
8SP E., the centre of a large gold- 
field and an important settlement J 

Note . — ^Ti^t is rich in gold as bQ thT rivers which nse m it 
wash down saxm impregnated with gold. Gold-digging as tujj&gnsr 
try has been inexistence in this coontry from very ancient |bhiss.lH[e- 
rodetos, Pliny, Megasthenes, Nearchud tutd o^er ancihiil writers 


ntalce mentim of the allttvial gold dug ont in Tibet, though they were 
totally igimrant <d the agency which dog it out of the soQ. Throof^ 
jSie nusinterpretation of a Sanskrit word they formed the imiaression 
tbalbngeants — diey'even add thdl these ants were larger than foxes!— 
need to dig ont and heap tip auriferous sazu] and that it vfhs out of 
Etese lie^ that the large qnantitira of gold available in India in thOM 
tioMS wnte produced. Pliiqr ias%%at 'the horns oTthe gold-d^Oging 


ants were pcesmred in the temples of Hercules at Erjrthral' I Profes- 
sor V* Ball, an* eminent geologist, has discovered that tke ’huge ants’ 
wereacmeotiier than the Tibetan miners and their dogs and tint the 
^Mms* were tiiegold-di||gers’ pickaxes. Helearnt on inquiry that the 
grdd-nsiiws in rite Province of Ladhkb, which formeriy bekmged 
Id Tibet bat administered by the Indian State Qt Kashmir, 
wmstiU nriiMfriw implements which are made by menoting 
boms of dbe^ on handles. „ 
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l^jNidbwTbolc DiNuakiM and Ladakh'i^ 
been wnlans gold'fields m other parts of the te we 

leam that there is an abandoned gold^minenear e demp^ hStween 
b^l^fMsatSvarjwd a place called Barkha, a distanosof 5 miles from 
the lake on the why to Mt. KailSs in the Himpkoras. 

The ccmiaM between the conditions under whtdi tiie 'Hbetan 
gold-miner Gulins confrere in other parts of the w<Mrld ate wcvking^ 
is not without interest. The operations of the one are carried om at 
an e&vatkm of nearly 3 miles where the climatic conditu^are almost 
ideal except of course in winter when the Tibehm miner suspdids w(^ 
owii% to snowhdl and piercing cold. On the contrary, the snh* 
terranean worker in die deep mines of South Africa* and elsewlmre 
has to work well over a mile underground and requires protectk)|ji 
from the roasting heat to which be is expos^. ( Vide Chapter I, 
* Item 18). Besides,*the Tibetan miner has not to face sudi tmrible 
dangms as rock-bursts whic)^ take a penodical toll of life in Kdlar 
Gold Fields and odier deep gold-mines. 


(88) Elevation of the World’s Deepest Ac-I 

** tive Crater-— Rucu-Pichincha, Andes)- 15,827ft. 

Range, Ecuador, South America j 

Sl 

Note.— This crater is a funnel-shaped basin, 2,500 ft deep^ 1,500 ft. wide 
at the bottom and upwards of a mile broad at the mouth. Ilie inner aides 
in some pboes rise perpendicular from the floor of the pit Two adv&tu- 
rous travellers descended to its bottom over €0 years ago. At itseruptions 
the volcano discharges dense masses of blade smoke and large quantities of 
finesand. 

• ^ 

(89) Altitude of Alto*Cumulus of Medium ) oqo-isjbw ft 

. Clouds I ' 

Not*.— They censist of large white « greyish balls of dense, fleecy cloud 
frequently lying dose together. These fleecy balls are grouped in flocks or 
arranged in rows. They merge into the Cirro-Cumulus (It^ 119). 


(90) World's most elevated Religious" 
Settlement— the Rongbuk LSmfsery 
situate in a valley of the same 
name in the Himalayas 


lejMOft « 
3 m. S3 yds. 


Noto^ltte a big Buddhist monastery in Tibet on the way to MtBvweat 
the TIbotsn dde. 



IS8 woHDitietm oiinnnaB 

091) World's GnRip of Thermal ) mim* 

$[)riiif^some of the springs in Tibet y ^ 

‘ Note.—TheMra^nga, Mccwdine to Seigeoa-General Balfour, iMueftom 
tie levd plains ihn||^ a rivulet at Chung'leng at the elevatkm menthM^ 
^lieir temperatures v4ty>i>8 from SO" to S4<5"C (122" to 130" F.)* There ire 
a vast number of hot springs in Tibet In the lake region, which ate widdy 
distiibuted between Ae Himalayas and Lat. 34" N. Some are situated near 
the village of Duchin In Little Tibet and the temperature of one of these is 
£8^. (154"F.). Hot springs are numerous to the west of Lake Teoffri Nor 
and in the mountains lying east of Lake ^a-p’bam. One of them throws up 
water to a he^t of 12 ft. So intense is the cold of winter in Tibet that 
these springs are scmietimes represented by pillars of ice, the Imt water 
having frosen in spouting 1 


^2) World’s most elevated Colony— a place" 
hi the Bolivian Province of Chinchas, 
South America, where sonle families 
of miners have settled permanently ^ 


(93) World’s most elfevated Tableland— 
that of Tibet 

(94) Highest Altitude at which L 9 cust 
Flights have been observed 


} 

} 


10.00047,000 ft 


17,000 ft 


Note.'— Locust swarms have been seen flying at this altitude in the 
HisuikiyaSv 


(95) World’s most elevated Railway Station "| 

— Ticlio on the Penivian Railway, > i 7 /) 00 ft 
Soi(th America } 


Note.— South America hgs also the secqpd h^heat motor road in the 
world. It is in Venezuela and runs between Merida and SaQ Cristobal, 
ctosring a pass of the Andes mountain at an elevation of 13,583 ft. Tbp 
wprid'a h^dmst motor road lies in U. S. A. It starts from Manitou, a 
eninmer resort in Colorado, and leads to the eummil of Pike's Peak 
^‘i.lipft). The late Mona. Georges M. Haardt, the Belgian explorer and 
leader of the Tra^Asian Expedition of 1931, crossed the H(|nalayw xkmg 
with hie companions in an automobile, the highest etevatkm reached In the 
Jonniqr bdag 13^7^ ft 


(9^ India’s mosf elevated (Racier Lake— 
Deo Tal in Garhwal, Himalayas * 


17,745 ft 


Noto^A glsfll|r take ie an accumulation of water tomed by one Racier 
of a higher one. 



t Alto MfKlNUS ib 




(97) Highest Eleivatkmat^bidiOfassfa^ tsmoft 
pm have been seal * ^ m S 


BsiMAtiCHlt 
Rooi^biik Vallqr* 
tiat the 7 areArtnr 
fpioteetive cokmitag 
thejr take shelter. 


Note.—Major Hinsetan, the nalbraUirt of the 1924 
foi^ theae hiaects at the devation mentioned, in. 

Tbef go there in summtf. One peculiarity abont 
small and are d^Bcolt to find, for on account of 
they look exactly tike the rocks in the crevicee of wl 

It is wonderful to find how Nature dotfaes certain animals, which indnde 
beasts, reiitilea, biids and insects, with a protective cdouiing which makes 
it diffi^t for other eyes to discens them against the background of thdr 
noraud habitat. The black bear of the Himalayas in a fewest of datk<green 
pines^ the snow leopard in its snowy mountain haunts, the North Afrlom 
•Uon in the jreUowiab'Whlte sands around the Sahara oases, the white pdat 
bearintbeicy wastes of the Arctic, the python or boa waiting for prey from 
the trunk of a tree, the flat-headed, twight green snake modng aboip 
inthefdiage of trees, the sand-snake in sandy tracts, lizards capable of 
•iMta pting their cdoui; to that of the tree^ Shrub or ground as they move 
about, the green parrot in the trees, moths on leaves and tw^ all these are 
prominent examples of animalB which Nature has rendered practicaily 
immune from observation in their natural surroundings. .. 

World’s Larger Lakes ( 50 miles or over in circuiH' '' 
ference ) above 15, 000-ft elevation:— 

(1) Rakshas Tal (Demon’s Lake) or Ravan-hxad'l 

(Rivan’s Heart), Trans-Himalaya, Tibet V IS/Wft 
30« N. 81* E. J . 

Note.— Ite Tibetan name is Taho Lagan. It is about 50 miles in dr- 
cumferoioe. 

(2) Minasarovar, Trans-Himalaya, Tibet, east 

and abont 8 mjles from Ri k s ha s TaL r IfiiOOB ft 
. ^ N. 81® E. 

•Note.— The Iske ie so named as it was formed, according to the Purfipas^ 
by a mental effort ot the god Brahma.* Its Tibetan name is Taho Mapan. 
It lies to the south of Mount Kailas and, like that famous peak, occudes an 
Important place in Hindu mythology. To quote a writer^ 'ManasarOvar 
formed a beautiful feature of the dysium of the Hindus or the paradise of 
fbe god auva <m the Hdy Kailas, and is mentioned as one of the four lakes 
from which the gods drink.’ It was at this spot, says the MBnasa Khanda 
of the Stands Purflna, that King Bhagiratha peifanned the austeritiee by 
^ue of which the Hdy Ganga (the river Gaogee) descended from heaven. 

^flie lake is neatly oval in shape, narrower in the south than in the north, 
ondisaboutSOndlesincireumfeteace. U., of the mme exMntes RllfidUs 
^ lt» greatest depth ie add to be 268 ft Coeaye of wiU gases, water- 

17 


of*! 

aLV 



i9Q woMOKiffiit inra^ 

• 

tW*l«d l |» f M» i< pa r t <mitewtfc^ FSgriu vMtfw OtM larto 
Ht t a t ^iiul w '> ita<upBitq» if the weeUier iwcmite. Furiow winde oftaa 
eweep eetaee th < | i| ol« eree ceyewd by thie lake aadItIkaliMTd, with the 
neoit that their «||M»iN«ve to and fro w to a atortay aea asd b4( waves 
dM|ll^agatoatthdriS8j|pi. It then becontee difficult for idigrtoia to enter the 
wnter. Sometimes ttS wi^ wash fish aahore. These axe iddmd op by 
aelne of the pQgrlms who believe to their efficacy to curing discmes. 
POgrtoM take away to amaU vessels water from MUtoasardvar, as they do 
from tbe Ganges and other sacred rivers. At one onmer of the lake the 
water is brackish and the surrounding ground is full of salt tocruatationB, as 
is tile case with many otiier lakes to G'ibet This fact, along with the 
presence of an extensive aeries of marine-fossiUferous formations in the 
Tibetan area to the north of the Himalayas, strengthens the geoiogicai 
tiieory that to this land area lay the southern part of an ocean in the 
FaJaeosoie and Mesosoic times. For further information regarding this 
theory, sidi Item 122. 

There are two or three Gmnpas or Buddhist monasteries of the Tibetan 
Lamas on the high banks of ManasarOvar. Jiu*G<sapa is perched on a* 
hfflodc half a mile north of the lake. Near this monastery runs a stream, 
about SO ft vride and 3 ft deep, which in the'rainy season becomes a channel 
about 4 miies long connecting MflnasarOvar with RSkdias TaL 


(3) 

(♦) 


(5) 

( 6 ) 

(7) 

( 8 ) 
(9) 


Tsho Zilling, 31* N. 89® E. 

Nor or Nam-cho (*Sky Lake’)# 3(f N. 
9(r Em about 150 miles in circomferenoe or 
about 1,000 sq. m. in area 


} 


15025 ft 
l&lSOft 


Taschi Bhup, 33? N. E. 
Tsho Tigu, 29? N. 93® E. 
grhigahti, N. 87* E. 
Ahtilope Lake, 3^ N. 87* E. 


... 15^289 ft 

... IS^ft 

... If^ft 

... 16470 ft 


TshoHorpaor Hospa. area 118 sq. nt, situa*) 
tad near the LingslU plain on the Kashmir r 1731 ft 
frontier, 35? N., 81^30' E. * j 


(10) Tsho Sehont For particulars see tbe next item. 


, Tbare are many more such lakes. Only the prindphl ones, which 
are all situated in Tibet, are mentioned above. 


(9t) World’s mdbt elevated Lake—Tsho 
Sehnru,Tibet,30?N.8e?E. 


imi ft 


(100) Absoittte Lunit for the growth of 
Vegelitioii 


|AboiitU^ft' 



tAirnttm^ekAt^MTiopof^ f# 

ftottz-Aftar mo0"18.()00 ft. mmt i oa beoeunf mmut u4 wmea r. 
At Oe 14 ^ fllmtfcm flf 3| mflet it oecnra 00^ dk tfw Mar atid toM mnqr 
noontdiiiiopea of Wartem Tibet Nearefewirf fbe tOMliQran pawee it 
ateende to about 17,900 ft. aiound the lower sidea of 9[|0ad{aeMt swaiaita. 
ButataoehderatloiiaTi^etatipniBeeenonlyin thaalMipe^fseiatadjplBats 
or thin i^aaa. Proximity to the snowline, that i% the loweet Ih^^of 
perpetual enow, ia an effectual barrier to the growffi of vegetation at hi^^er 
levda. 

(101) Highest Elevation at which Carnivorous ) , 0 ^ 

Beasts are to be found f iwooft. 

Note/‘-Sorgeon<Generai Balfour states that on the higher slopes of tiw 
Western ffimalayas in the Ladakh Province of Kashmir, up to this devatkm, 
are found the mow Uopari and the lynx besides mountain hares and marw 
mots, and on the plains up to 17,000 ft the wild yak, wild asses, the antelope 
and severalkindstff wild sheep. Major Kingston, the naturalist saw wild sheep 
and mountain haras wandering in the barren hiUs on the Tibetan 
*at an devation of 17,000 ft Referring to the population and fauna of 
Ladakh, a writer remarks Not only man, but alM creatures under his 
dondnation—horaes, shet^ goats, fowls— are diminutive here, whereas the 
wild nnimata on the high mountains are of gigantic dee.* 

(102) World's Altitude Record for Solo'i 

Flights in an Autogyro or Windmill )■ isyooo ft 
Aeroplane j 

Note.— TIds record was set up some time between 1931 and Mw 1982 by 
the avfatrix Mra Putnam, the wife of Mr. G. P. Putnam, the wdMaiawn 
American publisher and exidorer. • 

The Autogyro, at Helioopter as it is also called, was invented some yests 
ago by a %Mudali airman named Juan de la Cierva. In this type of aenqilane 
the appendagee of wings remain on long poles as a pair of bdandng flapa, 
and above them, on a mast, are feather-^hiU>ed windmiH vanee which qdo at 
a speed dependent on the spetd of the ’plane. In the ordinary aeroplane 
dr '^keti? at bumps are fdt by the occupants, and air*8icknMS is sane- 
ti&es experienced by passengers. But in the autogyro none of theee discom- 
forts are fdt as it Wseif-balandng. Besides, the use of windmill vanes instead 
of udngs makes it possible for the machine to rise into the air or land on tim 
ground almost vertically. In rising, however, it requires nearly aa long a run 
along the groudd as an ordinary amoplane, but in landing it descends gentiy 
^ a parachute^ requiring no final run, and ao it can land in an arda 
measuring leas than a tennis^ourt. Further improvements in tim maddne 
arobdi^ attempted in France and other countries with a view to permit 
d ita dmilatly tslfing off from a small area. 

One other remarkafate achievement of this type of aeroidane ia reported. 
An airman named Ddbroutdle, flying in an autogyro at the Otiy Aerodrome 
{htia^^St^tteinberJSSl, succeeded in keeping the machine stotioneiy 



illliibjii^ nfiid, 'Ib»:.:$m 

l^t^tneMed Iv nvcMOitativet of tto Ata> ChA de Ftiraee. tliisjt 
lMftiMitin» taM been to remain atationaiy in 

ii[iriyi*air lor Bu^ 

Ifayea care!’ warns an unearthly Voice.— 

‘CdUm ’ or End of One Half of ■) I9440 ft » 

the World’s Air j 3 m. 5 f. 

Note.— The air at tUa altitudeia about one half as denae an at aea level. 

( 104 ) World’s most elevated and most 
terrific Active Volcano— Cotopaxi, 

Andes Range, Ecuador, South America 

Note.— it is at the same time the moat qnnmetrical volcano in the worid. 
Itocrater is over 2,500 ft in diameter. • 

(10^ Altitude which Vertical Air Cur- *) 

rents should reach to produce a > iSAJO-aOiOOO ft 
Thunder-storm J 

Note 

It has been found that thunder-storms occur only under eola- 
tions which are favourable to vertical air movenumte on a huge 
scale Id a beigdit of 15,000 to 20,000 ft. The air normally gets colder 
with increase of altitude, but if this rate of ^1 of temperature is 
afaacamal, a <rf air at the earth’s surface, warmer than its 
f^i ymBiidiiiga, goes on rising as its temperature is graater thui diat 
of die surrounding air at every level, in spite of its own ooeding due 
to vwtical.rise and expansion. ,Owing to this effect the temperature 
of the rising goes on decreasing until the water-vapopr ooi4ent 

ypfScMn t to saturate when thunder-donds of great thickness 
are tonned. These clouds vary considerably in Their base 

toay be bdween 4,600 and 6,000 ft. above dm ground and their top 
ttiay He beyond the base of dm drrus ckmds. Tbander-storms are 
gepiwa^ accompanied by tonmits of rain and sometimes by both 
b^aqdiatm 

ThnndlHr-cloods prcHuce the phenomena of thunder atri lii^tni^* 
Ligditning is a discharge ot atmospheric electricity, acooiepaius^ 

» vivii flaitb iff hghVgcaiendly from one clond to anodmr* but tooM* 

Ibwsinm 4 P9 the earth 


I* lW13ft 


'' 1 ^- 

■ - - ? ■ ■.'.•■ . ' •■ ' ••V' ^ ■ ■ .■■' 

(oa cj6iid«7^ MRNik of figlttatagt^^^in^ 

in spaOAi It fa a ooltunn of intensely Inati^ otebiaanii ; 

from path of the eiecttical discharge at an infitial velocity inaiitaii'^ 
sely gxieatte: titeo that of sound. The report th^ foUoate tiie 0fMdi la 
caused by a sodden disturbance of &e air below by a vipJent.^^ 
charge of tire electricity. As sound travels in air at ordinary tempecatni^ ; 
at a speed (rf about 1,050 ft. a second, while the passage <rf lii^t te 
almost instantaneous, an observer can calculate his distaade. teom 
the discharge by watching the interval in seconds between his seeing 
the Hash and hearii^ the report. According to HnmphreySi thunder, 
is seldom heard more than IS miles away, and Sir Napier Shaw states 
that tee greatest distance from the discharge at which thunder hag 
been heard is 25 miles. 

• L^htning is nothii^ more than a huge electric spark. A streak 
of lightning ranges in lei^te from 2,000 ft to a maximum as 
great as 12| miles I The shorter streaks occur when tee discharge 
is from a cloud to the earth or vice versa, and tee longer shafts 
when tee disdiarge is from one cloud to another. In the lattor cases ^ 
it travels In a tortuous pate, and tee total length of tee shaft in conse' 
guence is considerably greater. 

Various measurements indicate teat the duration of a lightning dis« 
charge varies from l/5000te to l/625te of a second and may occasion* 
ally amount to 1/lOOte of a second. In his Physics of the Air, Hum* 
phre}rs remarks : — ^'PossiUy many discharges are as brief as some of 
these estimates would indicate, but there is ample reason to believe 
that others are much longer. Thus pne occasionally sees a streak 
of liiditning that lasts folly I second without apparent flickor.* . 

The velocity of teunder^storms varies considerably. Then' mean 
velocity per hourrsays Humphreys, is in Europe 30*50 km. and in 
the United States 50*65 km. According to tee estimates of Dr. C. Ki 

Brooks, formerly Secretary of tee Britite Meteorcdogical Sooetyi 
over tee whole world about 44,000 teonder*storm8 occur per day, 1,800 

are in progress at a given nooment, and they remilt in about lOOflashesof 

kgldning every second. These storms are m^ frequent in trcgnoal 
than' in oteer ngfems, but in desert countries they are exceeihnc^ 
**»• V/iteout teking into consitteration tee vast uninliabited areas in 
tt* polar xe^^oas, teerg is no place on fi» eayth where tehn^ and 
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H gl Wlritu Mil (rinohttdjr aakaewn «xo»pt tits arid eokstal aooe q| 
fim 'iriiem ao rain Calls. In some parts ci trq>ical Afrioa, ^btaing 
Is aeon on mors than 200 days in tbs year. 

Tbs phenomenon of lightning appears in various forms : chain 
Iilri>tning, forked l^tning, sheet •lightning, and ball or gbbe lightniiy. 
Chain iightning ocmsists of a number of flashes repeated withont 
Intermfoskm. Ported lightning is that whidi flashes in a zigzag 
line or brandies like the prongs of a fork. Sheet-lightning is a 
dififosed glow in the doods caused by the reflection ot li|d>t* fo(»n 
distant flashes ot lightning, by nearer douds. It appears like a 
wide, expanding stream of l^ht illuminating the outlines <g the 
douds. * Like sheet-lightning, ever brightening.’ — (Tent^fson). Ball 
lightning is a globe d light, dten more than a foot in diameter, and 
is a slow, long-continuing discharge of dectricity. It floats through 
tiie air or runs along the ground. One writer says that it sometimes* 
rebounds like a rubber ball as it strikef the ground, and generally 
bursts with a br^ht flash and a loud explosioa According to one 
jcKimai, it (dtea enters houses, floating around with a crackling noise, 
but seldmn does harm. A rare instance of a fatal encounter with 
ball lifl^tnii^, which occurred in 1753, may be mentiooed. Prdessor 
Rjcfamann, a physicist of St. Petersburg, had erected a lightning-rod 
leading to his laboratory and was standing near it at a violent thunder- 
storm. Suddenly there was a flash of lightning, a luminous globe 
sprang from the tip of the rod and struck him on the forehead, killing 
him on the spot. Ball lightning is the rarest form of lightning, and 
of an electrical phenomena is the least understood and is srifl under 
research. * < 

An extraordinary case of a man’s throat being cut bjr lighUbiog 
doting a heavy thunder-storm is reported from Harrismith in South 
Africa. Medical evidence revealed that he barf been struck by 
Hflirfwlty across the throat. He received a deep wound in tiie throat, 
and bis dotbes were found slightly burnt and tom. In July 1932, 
while Professor Ferdinand Dientstl of Vienna was sitting with 
earphones at bis wireless experimenting apparatus during a violent 
duuder-storm, a sfaaft*of lightning struck the aerial, flashed tiiroo^ 
die dtcoH and shattered his skull. A hulor plying his sewing 
machine next door was bowled over and seriously injutech and a 
frgvdlM In tbg woo^ bad an apm tram off bur the same rijaft, 



cidactridQr 
thatid«<‘doQd is carried <m to a great eirtebt 
elevated objects socb as lightning-rods, cbordi spib^ andthe ridgSr 
polesofbonse^ which have projecting pcrints or angles, and die 
electrical discharge is seen after dark as a fahit at tibeir tips* 

This phenomenon is observable both on lantl and at sea. To sailon 
it is known as St. Elmo’s (San Telmo’s) Fire. On ships it is some- 
times seen on dark tempestuous nights as a faint electric dame 
adhering to a projecting object, particularly the mast-head and the 
yard-arms. When only one dame is seen, it is caUed Corposantt 
And when two appear, they are known as Castor and PdUux. 

Lightning dashes occur in two colours — blue or red. When St. 
Elmo’s Fire is discharging negative electricity, the lightning is bine, 
but if this discharge is positive, the colour of the dash is red. 

s 

In Popular Silence Monthly of September 1931 appears a giaidi- 
k account of an awe-inspiring i%htning display witnessed frinn the 
Alps. Three young scientists of Berlin University had been carrying 
out since about 1929 experiments in drawing electricity drom the 
skies at Mt. Genetoso in Switzerland, a peak noted for the violence 
of its electric storms. In 1931 they made a record capture during a 
thunder-storm at grave peril to their lives. ‘From the side of 
Generoso's bony-ridged slope’, says the report, ‘they stretdied as an 
aerial a metallic cable across a chasm to a nelg^booring peak. 
Threaded through cyUixlers of galvanized metal, this antenna tesenot- 
Ued a string of beads for a giantess. Its knobs were des i g ne d to 
keep die currents dram leaping from the ends. Instead, an escape 
was lurovided in an adjustable spark-gap, from which the electridty 
could be harried to a lightning-proof cabin sheathed with metal 
bmeath the brow of the mountain. Here were meters and other 
instruments to giSige the force of the electricity.’ One evening the 
experimenters saw a storm of unusual ferocity brewing. Soon the 
whole area was plunged into darkness. Peals thunder ddlowsdL 
The daring scientists made haste with their instmmmit tests. Then 
widi a violent rush of wind op the valley, the storm burst in all its 
fury. ‘Tongues of electric dame played a^ot the rocks of tbS 
mountain’s bee die summit. Filled with metallic otSi it waa a 
‘‘^tural Hihdiii^-iod. Great jrallow sparks snappea every seoond 
the sjgturk gap. Tbs pointers of the vdtmeters wkida d# 



fSf WOMMHQniL Qwnutni 

* 

idte^MriidiotBgftduite. Tbm came a Idaf tall* oodaditt in its 
aaJm. Saddealy a tenific thander<ciap seemed to dalce tiw iflioie 
wxwwhim, Tiie valley was lit op as Iqr a million arc lights and 
tastk reflections danced over the white feces of the scientists. A 
bcdt of feune crashed across the spark gap.’ For the first time b 
flie history of science was captured a thnnder-bolt of 18 million 
vrdtsi A part of the apparatus nsed in the Generoso tests 
was a 'strange netwcnrk designed to carry the enormous voltage 
to the laboratory, where the scient^ts waited in danger of instant 
deato.' Even greater voltages up to 30 millioa are said to be in 
s^t. It may be mentioned that the highest electrical tension i»o- 
duced in a laboratory is 10 million volts. 

What may be the ultimate object of these repeated experiments 
which involve playing with death ? While it is possible that these 
idiysicists are only studying the phenomena of atmospheric electri* * 
dty in greater detail than has been done hitherto in order to add to 
the world’s knowledge on the subject, it is difficult to believe that 
&By have not a higher end in view, but until fuller information 
regarding these experiments is forthcoming, it is prematura to malm 
any d^nite conjecture on the point. 

The artificial {nroduction of 10 million voltage above referred to 
was achieved in the summer of 1932 at the Hicffi* Voltage Eiqpneer> 
iii» Labor a tor y attached to the General Electric Gxnpany’s 
Works at Pittsfield, U.S.A. It is said that its productkm was ac- 
eoropanied by a thunderous crash. The machine whidi fsodooed 
dds man-made Itcffitning discharge of unprecedented voltage was 
designed by Mr. F. W. Peek* ( Jr. ), the Chief Engineer of the 
Laboratory, and has been developed ondw his diiectkm. The nlkxi- 
antm current delivered during discharge after the air resfetaace fa& 
bean htdren down is 30,000 amphres. It is not kbown yet to what 
mm due artificial high-voltage discharge can be put bweafter. For 
the pieaent it is to be used for the modest purpose of reaeardb on 
Mtnial I j ^t n i ng, the eflfects of which it can i 4 >ptoxunate more 
doeefy dia& has hitherto been possible. But powerful as this new 
itopasatne is, its dischalge amounts to c»dy a fraction cf dnt of real 
lightning, for die hisdnst voltage of a natnral discharge is 

too miUiQn told the disdiaiges may have a maximum ampere 
of lOO/XHI. 



A o(m bsgivw wlo 1^ flii atoetrid^ 

io $ tt^tadar- In thniMler^tcMBHi fiieta is a sttong 

vertical current of dTi whose velodty in the centre «: core (rf tim 
(joad often exceeds 8 metres ( 26 ft. 3 in. ) per second. In ocm^ 
gneooe rain*drops» whetiier large or smaUtaxe Mown npward and 
broken into droplehi in the core. 'Ihey tlran coalesce again and foil, 
but are once aga in blown upward and laroken np. From observations 
of these strange processes in thnnder-storms, made doting the first 
decade of this centoryi Dr. G. p. Simpson, then an officer of the 
Indian Meteorological Department and now Director of the British 
Meteorological Office, was led to consider that the generatkm of 
' electricity in a thonder-storm mast in some way be connected with 
the breaking of the rain-drops. He accordit^Iy reproduced fiie pro* 
cesses in the laboratory of, the Meteorological Office at Simla in 
• 1908-10 and mad^the remarkable discovery that, as the water-drops 
broke np in a vertical blast of air, they became charged with positive 
electricity and the air with Aegative electricity. According to these 
experiments, then, the core of a thunder-cloud should have a distri- 
bution of positive charge, and the negative charge would be carried 
by the air current, both at the front and rear of the cloud as 
well as above. 

In two papers published respectively in the Quarterly Jourrud 
of the Royal Meteorological Society, Vol. LVI, July 1930, and Xhe 
Philosophical Transactions of the Royal Society, Yd. 231, 1932, Ihr. 
Banerji has shown, as the result of extensive observations carried 
out by him at the Colaba Observatory at Bombay of overhead thun- 
der-clouds, that they can b^ classified into two distinct types which 
he calls kinitary type* and ‘double type*. He has found tiiat in a 
moving thunder-cloud of the former type the front part has a distri- 
bution of negative charge, the core one of positive charge and the 
tear that of negative charge. In a thunder-cloud of fiie doul^ type 
this sequence is repeated. The lightning disdiazges origiimte in the 
region of the central positive charge and extend to the native 
charge above or that at the front or rear of the cloud. Sometimes 
the discharges may also oooir between the pbsitively or negative 
charged pmrtions of the cloud and the positively mduced charge oyex 
the ear A*8 sudboe. Banerji’s investigations tberefo.'e support the 
'tveaking-dic^' finwry of the or^in of electricity in tbanderHitOfmei 
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liMipy but has a amiA ttoaas ol negativa chuga. It has ato 
iGRBid a faeUe poaitiva dactric cormt coatinaoody paasaafitom 
tha air into the aarth. Udass there a«s acmie agency for maiotaia. 
lag tins charge^ the ahr<aartfa cotrent woohl naotraliza it in a few 
nainntaa. For its ntaintananca therefore, it is necessary tiiat the 
earth’s charge should be redenished at the rate of 1,000 omphras at 
a time. Banerji’s obaerrations suggest that, on the average, tbundor- 
donns transfnr to the earth’s snr&^ a larger amount of negative 
electricity than positive. Considering that at a given mmnent there 
axe about 1,800 thunder-storms in progress over the whole world, a 
larger tunount of negative dectricity is probably transferred in this 
wey to the earth’s sut&ce and maintains its negative charge. 

When lightning strikes a loose sandhill, the sand along the path 
of its disdnuge below the surface is sometimes fased into a glassy * 
tube-shaped tformation called (LaA. Jidgur, liditoing). 

These vitrified tubes are sometimes nearly half an inch in diameter 
and are more common in dry sands. When vertical, as is often the 
case, tlMy run for several feet underground, sometimes branching 
and fuming a folgurite tree beneath the sand. When a tree is stmck 
by a powerful shaft of lightning, the amount of steam generated by its 
passage through the live tissues is at times so great that the whole 
tieg is blown to pieces. The destructive power of lightning, as is 
vrail known, is terrible. Forest fires are often due to H. In 1926 it 
ad aldaze ml tanks in tlw Californian oil-fields, cansing a loss of 20 
mUUon dollars. The mod destructive lightning mi record is probably 
that whidi occnrred on 10th Jnly 1926 ^t the Naval Ammunitian 
Dapbt St Lake Denmark, New Jersey, U. S. A. It was followed by 
a socossskm of explosions which resulted in toe death of 31 person 
and byary to bnndreds and damage to propatty*estimatsd at 93 
nafiioB didlats. 


(lOil Lowest Altitude of Cirrus Clouds-- 1* 
the highest of aU forms of cloud ) 


lOfiOOft 


N<^«!^7lMne are thii^aiid wispy, generally white in colour, and kxddng 
soaiehnMSlBce carded wool, sometimes like a toodi or hroonw and aontethnn 
i&e cadr or fleecy patches. Thmr are often popolaify cdled We srhiskenf 

U Wts^staSpr. Tbar m^ the UgW inds el toe stmovheis 

stoiie toe tanvcgstuiM are exceaaivdy hm, uawAy - 2|C to -S^ f. ^ 


temxNii. 

bat even this la catM oondo^ 
to fona nMlBato aeedle* W cryafajo, or aoiaitin^ tiiy twi^ 

Pneticaily idl ^ otber doodt are ooaqwBed of dropleta of watw. Orrui 
douda ai^ be aeea floating above the top of h^ moaataino In tropicai 
latitadea, tbaaderH^ouda aometimea reach the levd of the drrua. Vnm aeea 
in wet vraatheridrruadouda will be found tranaformed into chtD>Mrattiai 

(101^ Ifii^est Elevation at which a Beast 
has been found to live without ham- 
ful effects , 

fllotb.--*Cain. J. B. L. Noel aaya that the ‘^w>moving, grunting jrak, Uie 
ox of Central Aria’ can live at thia elevation. He remarica that it ^ea ft 
brought down too quiddy even to 8,000 ft. above aea levri. 

(108) Pointat which Altitude Flier gene- ) 
rally begins to ose oxygen J 

• 

Note.— Owing to \lie low density of the air at such a level it usually 
becomes necessary for the aviav>r to breathe artificial oxygen, for which 
purpose he carries oxygen apparatus. Some fliers commence its use at a few 
thousand feet lower. 


} 


20,000 ft. 


(109) Most elevated Mountain Peak in "I 

North America— Mt McKinley in j- 20500 ft. 
the Alaskan Range J 

Note.— The most important feature of this peak is that, with the exception 
of MaunaKea (Hawaii Iriands), it rises to a greater height above the sur- 
rounding country than any other mountain in the worid. 


(110) Highest Elevation at which Tracks 
of Beasts have been noticed 


I Over 21,000 ft. 


Note.— The tracks of mouotain hares^d foxes have been seen at ftds 
elevalioa lqi.Col. Howard Bury during one of the Evereet expeditions. 

(Ill) Greatest Height at which the noise 1 ab ^ 
of a railway train has been heard J 

Note.— As early as the rixties of the last century it was found the 
aeronaut, JameaGlaiidier, by means of repeated balloon ascents in England, 
that terrestrial sounds were more or less audible according to the amount of 
moisture In the air. In one of these ascents the balloonist heard the noise ci 
a railway train vfhen he was in clouds at a height oii4 milea» but no sounds^ 
reached his ears at the same height on another occasion when the douds 
were far bdow him. The explanation for the variation in the au^bSity of 
sound in dUs ease is that the lesser the density of the gaseous medium^ the 


l^paikltisabotttiHieaiid a half tiiMt tevrkr thaa Oa aiMedi it m Iqw 
fi iMStft Kow moist air is only a mixtors of dry air and water'vaymuf. Hu 
lilHtar ii air in the ratio oi anwoximateiy 9 to 14<4. Conse> 

tpientijr, the largw d>e laoportion of moisture in the air. the faster does sound 
teavcL One important factor which governs the veiocity of sound in air is 
temperature. Tim velocity decreases about 1 foot per second for each degree 
F. fail in temperature. At 60** F. the epeed has been found to be about 1.039 
ft a second. At a h^ht of 4 miles where the temperature would be oon8ide> 
rably lower (varying with iatitnie), the q>eed would be correspondingly leas. 
In tte present case the decrease in spe^ due to fall in temperature must 
have bm more than made up by the increase in qpeed due to the presence 
of a targe quantiQr of moisture in the air. 

(112) Highest Elevation at which Winged l 2 iiioo_ 2 imoft 
Insects have been seen J ^ ^ ‘ 

Note.— -Bees, mothsand butterflies were seen at 21,000 ft on Mt Everest 
Iqr die naturaliat Kingston during one of the Everest expeditions, and a* 
tnnterfly was seen at 21.500 ft on Mt Kflmet by the Kflmet Expedition 
<^1931. 


(113) Highest Elevation at which a Bird's ) 91 

Nest has been found J ^ 


Note.— Nod mentions havii% seen a crow's nest at thto devation on 
Everest 


(114) Holy Mount KailSs, Himalayas, Tibet, 
north of Lake MSnsardvar 


21.900 ft 


Note 


Acoordiog to Hindu mythology, Kailas is the abode of the god 
{^va, and also of Kubdta, the god of ri9hes. A KumUia Mdia ot ’ 
xdiicdoiis assemblage of ascetics and other pilgrims, who ineltulB 
^iddbi^ monks of Tibet, is held a few thnneimd feet bebw die 
crest of diis o°ce in twelve years. Tlie place is particularly 
fBgbtdl'bf acxess to pi%rims frmn India, who have to travel bun- 
dfeds if miles frequently across rugged hills and at later shges 
have to leioss high passes. Unlike the Kddama& and Badrinath 
routes, dbeie are no rest-houses on the way. The padis are often 
nairsrw and steep, beu% ascents and descents liring buried in snow. 
In places tbs snow may be knee-deep and occasionally tb^*deejp* 
WberS die p^dis are steep and narrow, the laden imiles and yaks 
iin^^ footing and 90 foUtiig down die ^ 



. ■ ■■ ■'- '"- 1 ^^. 

^ db^ C 0 M«ia^p^ of tbe roMb faivo to Ixf oov^ 
foot toone and, at some places wl^e toe track la bare^^ sioca toa» 
two feto wide, mwling on all fours beconies advisableu . Tbe di* 
matic oonditiCMis of the region cause serious discomfiMrt and hard* 
ships. The high elevations and consequent rarel^ tor nudre the 
idlgrims Ixeathe hard during a considerable part oi the jonriwy. In 
a few days the toce, hands and other exposed parts of the body 
become dark, the skin begins to crack an|d vaseline or other unguent 
has to be constantly used. Qn the Tibetan side, owing to toe 
absence of trees and shade, toe glare of the sun is so intense that 
the pilgrims have to use gog^es. 

The majority d pilgrims travel via Almora, U. P. For toe fimt 
few days the route lies through dense forests. Scmpions and leedies 
invade toe camps, especially*when it rains. Tlie first place of any 
'importance reached is Dharachal, 90 miles from Almora. The next 
camfung place is Kh61a, ai^ it is here that the real climb d the 
Himalayas begins. Among the few inhabited places met with during 
the next few days are a fine temple and a lamasery, 12 miles sooth 
of a place called Mtoipa; Garbayang (11,000 ft), a village which 
contains about 150 houses, a school and a post office; Thakalkote; 
the seat of the Tibetan Governor or Jongapan. The next halt is 
made at KalfSni, a sacred place at the foot of a hill, wl^e a spring 
gushes out After Thakalkote the path throutoioot lies at elevations 
of 14,000 to 16,000 ft. The region is absolutely desolate. In the 
distance rise, tier above tier, lofty peaks dad in eternal snow, the 
most picturesque being Gurla Maztohata. On crossing toe Gurla 
Pass the pilgrims catdi toe. first glimpse of toe holy petor of K a il a s . 
Shostly afterwards the lakes of Rakshas Tal and Manasarov^ are 
reached. In Iceland, owing to the dear atmosphere, visibility is so 
great that the outlines of mountains even 100 miles away toe dis* 
tinctly seen. For a similar reason, in these parts too, vwrj^ distant 
objects seem to be quite dose. 

About 20 miles off Manasarovar is a place called i)harcht& 
(14,500 ft.), tl» first Buddhist monastery at the foot of KailSs, 
where the pilgrims rest for the night. The Tibetans r^ard this peak 
wito toe same veneration as the Hindus do. From Dharchin toe 
l^ktoms start the next morning on a parikrama or drcumambulation 
of the Hofy MmmV a journey of ow 30 nnles round ^ wfakh 




;'do 

(Skt* Thcor iwv« to ntoidi » kag distanos llitods^ft to 
toi^fotoof toemooxtokto Therean two Uusoaerios on ttw way 
Aftnr a good dsal of ardoooa climbiag over s^ars, the 
jpiigruiu reach tiM head <Sf the Dolma Pass where lies the actual 
worship^ Ganrikonda, a small lake, the second most devated 
to toa wwld, al^t 18^0 ft above the sea. It is aboot 300 ft. long 
and 150 ft broad and its sigatooe is frozen all the year loond. It is 
bonnded cm three sides by almost pen>ondicalar masses of ice. Its 
border presents a transparent green colonr. GanrOranda is tin 
loftiest idaoe of pilgrimage in the world. It is nnbearably cold here, 
and the air being mefied — nearly one half as dense as at sea level, 
reaphation is attended with discomfort. The pilgrims break the 
snrtooe of the lake with an alpenstock or by stone-throwing and 
take oot water for their ablutions and prayers. , In rare cases, a* 
daring devotee ventures to take a dip and inunediately comes out 
shivering all over. Few fsolong their stay at this extremely cold 
I ^loe beyond an boor or so, and pilgrims depart inunediately after 
perfor m ing their rites and ceremonies. 'Urey return to Dbarchin 
down steep snow-oovered paths. Here ends the pilgrimage. 

It may be asked how it is that on great mountain heights where 
the distance <d the son is reduced by a few miles it is much colder 
instead of bing warmer than in the valleys ^wn betow or at sea 
leveL Onr globe takes np beat from the son and then radiates it 
back into its vast g^sseoas envriope, the atmosihere. The layers of 
air neatost to the surface of the earth are warmed mainly fay this 
tadiated heat, and the fartoer op the layprs of air, the less will be 
the atnooot of sodr beat absorbed fay them. Conseqnently^ the 
idaoe is ^ve sea level, the lower will be the temperature 
disto,' i^idil after a certain elevation, which varies with latitude, tlie 
tosop ^dtopsxature cvises the mountain to be manded in perpetual 
snow. ' it has been found that, on mountains, the t^pemture ri 
die ah’ tolls at the rate of about I’C. for every 590 feet increase 

Sltomi Pds h i kin aa d a of the Shri Raraakrubna Misston, who 
has ^tod KailSs and to wb(»n we owe much to our infcmnation, 
teito to diat dmne to ke. Tlte laet M ri 

Jbeld in Jnly-Septembar 19|0> Ptotog tots perkd |»1> 



griiiig «|i^ lo p«rl$^ iRMn time to tlBW pgs. 

formas Tite$ ani oanmooies at GanracitplB aad o^iiletiiv a 

circoit ol tbe peokt 

The MEafaataja of Mysore made a pilgrirnage to the iaared Isl^ 
of MinasarSvar and this Holy Mount in jlly 1931. 

The name KailEs has a special meaning in tiie Tibetan langnagn^ 
w*., * icy’ or ‘crystalline’. It is pronounced as KiISs, a, oomponnd 
word. Kl meaning ' water and las ‘ to shiiM’. The Tibetsra call 
this peak by the nam e of K61asi[}angri| meaning 'icy mountain or 
Kaag'Rimpocfaa. 


The Indus has its source in the western glaciers of Kaills, and 
the Sutlej, one of its principal tributaries, rises in its soothmi 
glaciers. 


• (115) Snowline in different parts of 
the Wofld 


I Sealevdto22jOOOft 


Note.— The snowline at about TS" N. or S. latitude is at sea levd ; in 
Ij pland , at an elevation of about 4,000 ft ; in the Alps, at about 9,000 ft; 
on the east side of the equatorial Andes, at about 10,000 ft ; on the west 
ride of the equatorial Andes, at about 18,500 ft ; on the side of the Hi- 
malayas facing India : varying from about 14,000 ft on the eastern parttd 
the range to 19,000 ft on the western; on the side of the chain facing 
Tibet : varying from about 17,000 ft to 22jX0 ft east to west 

(116) Highest Elevation at which any living f 22000 ft 
cr^ture has been found to dwdl ) ’ 


Note.— The tiny Attid Sidder described by one writer as "a minute and 
incongruous blade qdder’ , and the Caratnd Beetle, which have been found 
on Mt Everest are the only two creatures dweUing at such a high ele- 
vation. Many writers give the elevation db ZiJOOO ft, but we are accepting 
Noel’a figure, as he gives an almost detailed account of evet|tiiing 
discovmed during the Evmest expeditions. 

Commentiiv on |he discovery of animal life in sudi inbovitaSle regi- 
ons, the naturalist Kingston exclaims :— ‘How relentiess fi the forq^tigE^tuM 

to spread into every ewner of the earth I. .....I saw life thimbig in 

pooi% gladal,crevasaes and rodc-bound mountain passes. ’ 

The reader has now had some ificture of animal life— on the earth’s land 
surface at as hhfh an devation as 22,000 ft, and in the ocean at as great 
a depth as 24^000 ft 1 The fend creatures mentioaed above five under a 
I’tossure of leas than half ao atmosphere, while the marine creatures siggrart 
a pressure of aboint 724 atmosidiere% neatly 1,500 times as much I Aril 
Itotween Uia two la a variation in vertical distance of nearly 9 mihri WI^ 
indaad ON diipoaitioiis of Nstursi 






€aaio-^Accaic8gtta» > z^tu 

of the Actdtt lounge, Sooth America J 

,Not«.~Tbesitmiidt of ^ peak wae fint leadied tajr mowtaineea 
mmt. . --g ■ ' ■ 

(118) Highest Altitude at which a (^nt 
Bird has been seen Dying 

Note.— is tbo Lammetgeyer or Bearded Vulhire^ !aq{e bird of pny 
ii^bitiiig the Pyrenees and the higher mountains ^^rica and Asia. It 
measures nearly 4 ft from heak to tail, and has a adng^tead of 10 ft Be- 
sides eating carrion, it preys on'hving anindds Bke chamoia, faunba, kids and 
bares. 


I Oyer24,OOOft. 


The above aJtituae record is taken from the 'Report on Natural History^ 
bjr Ih*. T. G. Longstaff appended to The Assault on Mtmni Evorostp J922 by 
Brig-General C G. Bruce and other members of the expedition. 

Not less remarkable is the record of anhther great bird, a 'super-giant' 
compared with the Lammergeyer. It is the Condor, one of the laigeat knowif 
iqMSCies of the vulture family, found commonly in the most devated parts of 
the Andes Mountains. Its greatest expame of wing is about 14 ft., the 
average being 8 to 9 ft From their lofty haunts these birds descend to the 
plaios OTly when driven by hunger, and then In palra they successfully attack 
dieepb goats, deer and other animals, though as a rule they prefer to feed on 
eaiTtai. The explorer, Humboldt, reports having seen s condor flying near 
the smnmit of Aconcagua at an altitude of 22,000 ft 


(119) Altitude of Cirn>€umulus Clouds aoooo-Bsyooo ft 

Note.— These are email, pure white, rounded douds airaiiged in groups 
aad often in lines. They often occur in warn dry weather. 


(120) Absolute Limit to which the best of 
Airmen can fiy and retain conscious- 
■ ness without using oxygen 

(12U Highest Camp established in Moun- V 
. ■ taineering mthout resort to oxygen— V da* 
in the 2na Everest Expedition • ) 


) 


2SyOOOft 


l^evation at which Fossils have ) 
'bera found ) 


ftOOOft 


Note 

;Fob^ were discovered tU this biiidi slovatkni on Mt Bvarest by 
Uf. N. E. Odelh a geologist who accompanied the climbing pttty at 
Ifae bi^ 1924. liw eminttat^aoc^^ 

fdwat the focUMtioD of the Himalayas is Ihati tiU ttraaf^ 



logjf^ i. it^ tiU aioiit 35 n^ioa ywtts igi^ «pil8 ««<& n^ 
(xxai^ br lofty lay under a da£l^>^ 1^ 

^rith a aoift* ididdiig bed> which covered nu^ of Asa during Pnlaeo* 
2 CUC and Mesonc^ times. Soudi of thii^ooean whid has beeir 
n ame d the Tefhy&||ea, was the Salt Range of the Punjab^ whidi 
now lies some ^0|iles south of the Himalayas. Till some time 
dorirS ^ Siluria^^ third period of the Palaeozoic Age, ^e area 
covered by what»iow the Sal^ Range lay under the Tethys Sea, 
but 4011x0 that period the sea repeated nordtward and this area 
becana dry land. 'By middle Eocene the Salt Range had become 
covered with glaciers and in those times formed the northern margin (4 
the prinaval continent of Gondwana Land. The rivers of this continent 
flowed nortiiward into the Tethys Sea and poured into it their load 
«f silt and other /letritos. These sedimentary deposits went on 
Bz-rnmnlftting and {Hresetved within them large quantities of fossils, 
the organic remains of the tnarine animals of that period. About 
the middle Eocene certain forces, directed from the northern side and 
possibly generated by a violent crumpling of the earth’s crust, began 
to push and squeeze the soft bottom ot the Tethys Sea, but the 
Deccan which formed part of Gondwana Land arrested the 

farther advance of these forces. As the result of these tranendous 
pressures tire floor of the sea was forced upward, and the material 
thus elevated formed the Central Zone of the Himalayas. After a 
comparative loll extending over about 10 millimi years, in the middle 
of the Miocene or second period of the Tertiary Era, came aixither 
upheaval which formed the Lesser [j^imalayas and also raised the 
Central Zone farther up. ^is second upheaval was followed by 
3npther prolonged lull which lasted about 6 million shears. Thai 
came tiie third an4 last upheaval, winch bought up the Outer Hima» 
layas or the Siwaliks utd re-settled both the Central Zonf and the 
Lesser Himalayas lU still hifflier elevations. It thus took sdxiat 16 
million years fbr the whole process of elevatkm which culmin^ed in 
the formation of this might y range, the last upheaval having taken 
place senne 19 miHi^" years ago. The Himalayas contain in tiieir 
folds deposits of successive ages, and in the Tibetan Zone fossilifetoos 
strata d the Prunary and Secondary Epochs ate largely devek^md* 
^fbe iuA that drafa oif marine migin are loaiid forming part, nl tbls 
' 19' 


levels gotti to sqpfswt tito of its oe^ 

31ie BjtewifmrUi Expeditira to KiagiidieiijoQga kt repenrted to 1^^ 
new evidence t^fying to tiw sccoracy <rf this theory. The 
Ide^ foond some 4,000 ft below the snmmit of Everest ate stated 
to be of marine o^dii%eloz^[iDg to an age over 100 millkn 
years aga 

Gmidwana derives its name from the aboriginal hill tribes, the 
Goods Central India. In modern geography it appUes to the Amara* 
plateau ( 400 miles by 280 K a part ^hich lies in the 
north*east of Central Provinces. A description of Amarakantak is 
given in the Matsya Pnrapa, the 16tb of the 18 Porloas. It 
formed port of the ancient Province of Kalinga and is described 
as toat part d the Vindhyas which is near the source of the river 
Narmada. The Vindhya mountain itdelf is sometimes referred to 
as JalabSlaka ( Son of Water ), a name which at once suggests* 
the geological history of the range. In bis remarks on the deposits 
of the Vindhyan region, Professor Wa^ says : — 

* The epeirogenic upheaval which lifted up the Vindhyan deposita from 
the floor of the sea to form a continental land-area was the last serious earth- 

movonent recorded in the history of the Peninsula The difference in 

petrological characters in the Vindhyan system denotes a fundamental differ- 
ence of (dtysical geography, viz,, the prevalence <A a deep aea during the 
earlier hiatocy of the formation, and its shallowing at the time when the up- 
per part of the sy^em was deposited. ’ 

The name Jalalnlaka therefore brings ont significantly what most 
be a fact — ^that onr ancients knew the origin and evdntion of 
^ Vin^ya monntains. But how far their knowledge d the 
geographical evolution d Inlia extenddd is a subject beyond the 
ao^ d the present work. * ^ 

( 123 ) Apex of Cumulo-Nimbus Qouds «... zsfiooft 

N^e.«TThese douds are massed in toe tom of huge mountains. Their 
hsse fles 4,600 to 6,000 ft above the ground, and though generally thdr t(q> 
b at SSflOO ft., toe highest occasiondly roach toe boundary d toeTropo* 
tohen.. , . - . 

( 124 ) Loftiest Himalayan Summit reached by 1 ^7 ft 
man so far— that of Mt. Kdmet in C^bv^ 1 ^ 

' Nbte.--lQbiid it dtiistsd mete than 600 mfles west of Mt EveiMt ^ 
9$ ndtea iiocdifwiatd ffibgchenjongs. It enjoys much man eqddilt 
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peaks. tgr 

B gmatt BHtMk yRm a l a j ran Eipeditfon led tqr Mr« F. & SnijrUM^ wbo was b 
oiembet fid UdB Djrbnafortb Expedition TbeieaterM 

aebie^ pnctieally without the use of oxygen. Several anmeeeanfid at- 
tempte had been previoualy made to conqtmr fj^bnet 

Smythe deacribea the panoramic view from the top aa f(dlowa>* 

‘ We were too far above the world; one’a eye paaaed almoat eontarap- 
tuoudy over mighty range upon mighty range to se^ repoae in the vttdant 
hazes of QlimitaUe hotirona. Even the turreted thunder-ciouda, aun*cteated 
above, puipte'Shadowed below, woii^d not attain to our levd. The breeae 
husping us was deathly edd, the dlence and sense of isdation almost terii- 
Ue. There were no green valleys ; all about us were peaks of Uaefc fodc 
.and g^ng ice and snow, frozen outposts of the Infinite. ' 

The two other lofty peaks of the Himalayas comdetely scaled before Kfi* . 
met wme Triahul £13,406 ft), whose summit was readied in 1907 by Dr. T. 
G. Longstaff of the pioneer Himalayan party organized by Mr. A. L. Mumm, 
•Secretary of the Alpipe Qub, and Jongsong La (24,340 ft) which was dimbed 
coipptet dy on 3rd June 1930 by Hormin and Sdmeider, two members of the 
Kangchenjunga Expedition of that year, and two days lata by Smythe hi 
company with anotha. 


(125) World's Altitude Record for Para- 
chute Jumps, t'.c., greatest height 
above ground from which an air- 
man has made a parachute leap 
from aircraft and landed safely 


25,^ ft 


Note 


This record jump was made by the French pilot Rhne Madie- 
naod near Etampes, south of Paris, about June 1932, The sealed 
instruments carried by theeteropland registered an altitude of 7,7^ 
mettes (*25,525 ft). He floated down throt^h the donds to a 
s^t about 25 miles south-east of Etampes and made a perfect land- 
ing 23 minutes after leaving the machine. His average speed of des- 
cent was thus ISi ft. per second or 1,1 10 ft a minute. 

A para ch ut e Wp from a great height is a sensational feat With 
the closed parachute harnessed to his body, the airman steps oat 
into the void. He plunges headlong into spac», just as a swimmer 
takes a header into water. Sometimes for Hie thrill of it he does 
not pull tlw release ring nntil he has dropped like a stone a few 
dioasand feet, turning a series of sommrsaalto during the fall I The 
tyofld’s tBocjd lor siich 8 drop is aboat a rai|e» a distaod wh|eh 



mw WKB 18 lebwia* to toft ttt» oocMdo^ 

UMkA in its constroctkm, ft ptowh^ 

e^Kt^ and speedy aeafli, but such gwftt cate is taken nowa days in 
ito constructicw that tl»a haa come to be regarded as toe 

Uto-bnoy <rf toe skies. Most of the accidents are due to toe inex- 
Msieno^ jumper palling the rip-cord before he gets well dear of 
toe aetoidane and his paradiute fouling the machine in conse^iienoei 
When a parachutist dans a leap frwn an altitude of oy« 
20,000 ftn he carries oiWien equipnftnt. During descent from a high 
he dten delights in taking photographs of him^ or of 
objects on toe ground or in broadcasting his sensations by ^ns 
of a portable transnutter which he caaies. When 6 to *0 
ftom the ground, toe parachute jumper usually comes doyra like a 
rtone-one airman says it is Uke junSping from a waU-and on^ 
tondingthe is often dragged along toe ground by the expanded enve- 
lope for some di^ce, especiaUy when f. strong wind is blowing. 

In 1925 an Army parachutist in America made an exciting and 
successful jump from a height of 4.820 ft blindfolded, ^ 

to show that an drman, if wounded m an aenal battle to 
the pdnt of helplessness, could yet land safely by parachute. ^ 

A parachute jumper in America had a novel expenenM m 1928. 
He teaped from an aeroplane and was caught in a powerfid r^ 
ak current He remmned suspended, practicaUy motionles^ 2,0Wft 
above the ground. For two minutes it looked as if he was doo^ to 
•tay in mid-air indeanitely. It was his first jump. He was wondering 
what to do next, when luckUy tjieupdraft slackened and he descend- 
ed to earth at toe record speed of 3 feet b second ! 

A ckae-devil parachute hero of the screen m Amen^ tiro ^ 
floating down from the skies in a parachute and^ landing ud^nt 
adventure, became curious to find out how it would feel to be blown 
over toe edge of a cliff 200 ft above the sea. He got a powerfu 
wind madiiDe of the kind used in toe Studios for produbing artific^ 
storms and fixed it at the top of a cliff near Santa Monia on the 
coast He spread out a parachute on toe ground pomting 
In tL direction of toe wind machine, strapped himself in and tornea 
toe ak on. The envelope filled, and when it became ii^ated like a 
tntteon toe paradiute along wito toe bdd and curitms eaperimw^ 

’ sr ^ckff »t a speed of 40 nfifos an hour, Tip 
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lo 1930itefiunatis Amerteuair^^ ttada s pnca* 

dittto joiap ftQot a height of 25.000 ft Hetodk batf aa hooK to desoinidi 
and^ ai^bcaifi ^ he carried oxygen eqnipnaent, he beoune 
on die -yvaar. lost a glove and had one hand frozen in coneegoeaca, 
When aeu^ the earth, he regained conscioosnesa and taleaded aa 
anxilhUT pazadiate to relieve the strain. 

An inganioiis device to save^iassengers when an aen^ilane lain 
diffieoldes was recently demonstrated at Santa Ana in CalifaihiBiy 
.vdien foor men wore 'parachuted* from a cabin monoplane from a 
height of 4,000 ft The pilot polled a lever, when two of the pa ss en g era 
along widithe seats they wereoccnpytng were swung ontwardsthroagfa 
doorsintheshiesofdwfasela^ and dropped into space, wlule patadto* 
tes, carried tmderthe seats, aatomatically opened outabovedieirlMads. 
Hie pilot dum polled a seco^ lever, and the remaifling turo pabeor 
gers were simUarly 'jettison^*. All the four floated down safdy to 
the groond, ^11 sitting on their seats ! The doors in the fuselage 
antomatically open when the lever is palled. Davite swing outward 
with eadi seat and^m automatic grip drops the seat with its occo* 
pant once it gets clear of the ’plane. As the device beg^ to 
cerate, a metal hand gently slips rooi»l the waist of tlw passenger 
by way ai reassuring him. Another novel device, apparently meant 
for pUots in solo flights when the ’plane is fallings is on flrer was 
exhibited at Cologne by a German inventor in 1928. It is intended 
to avert the danger of the parachute foaling the aeroplane as tin 
airman jumps out. ^is^vioe is a%ompressed-air gun vdiidi Kts 
the pflot bodily hmn ms cockpit and catapults him widi his para* 
chute 30 feet clear of the machine ! He pulls a hand trig^, and he 
is shot oat into sphoe like a projectile. 


In America, in 1928 a successful delivery ai ^rpewriters was 
luade hom m^aeroplane in flight, by means of the parachute. Hiqr 
bad been carefully packed in a special crate to prevent damage bf 
jarring, and when landed were found to be i]^ a perfect conditkai,, 
Experiments in landing packages by parachute ate, it is reported^ 
also bring conducted by the British Air Ministry. 

^ Daring dm last few years experiments have been madst /eqpe^r 
in l|ng|^ and Ateerica, towards dev^ing toe peiUtonhi 



In 1929, UMmJaaar^ 

$imuMm’gan with its crew ot Own men was landeiil by psmtiuite 


fimn ain&itaiT aen^daneiaad^ti^ weaptm and get H 

:|irto action in diree minntes. A detachable pacachote-call^ for 
bRiOiH^ machines has been t»ilt and tested in Bm^fand. 
When perfected, it can land a sgnad at a time from mid-air. The 
lalot polls a lever, and immediately a small parachute is catapulted 
by comisessed air and releases a larger one. This in turn exerts 
indent force to drag into the opeg air a giant paradinte which 
lifts the entire calw off the 'plane and brings it gently to earth, 
shock-absorbers breaking its falL As soon as the cabin has left the 
'plane, tiie machine returns to its base for another cabin. . In the 
United States trials have been made, with promising results, of 
parachutes designed to bring a whole aeroplane with its occupants 
safd^ to the ground in an emergency. At one of»these trials a pilof 
took a large machine up, relea^ a huge parachute 65 ft. in dia- 
meter, and then jumped out with his own parachute, allowit^ the 
'{dane to ocane down. The trial proved a success, though the 
nndocarriage sustained slight damage. 

Jmianese women are said to be more ‘air-minded’ than many of 
their European sisters. This is because they receive from thek 
GovMnment every encouragement possible. They receive their train- 
ing in the various aviation schools in the country. They are among 
rim i»onMr women in the world to enter the field df commerdal 
flying. These aviatrihes come from different classes. There ate among 
them girls belonging to well-to-do families, graduates and schori 


stndiKiits# c ^ 

MiniIdiy<^o Niyamori, a young lady l^wn as the ‘Para- 
dmte Girl*, caused a sensation in Japan in 1931 being die fitst 
Japanese woman to attempt a parachute leap. In oirier to test a para- 
dhito^pecially equipped to floaton water onaflgbting, she subsequently 
ohibited her skill and daring by making a leapfironi an aer(g>lane 
flrona;a hd^t <d more than 13,000 ft into the sea off Tokyo Bay. 
Tins is lepmrted to be a record jump in Japanese aviation. Miss 
Niytmori is fdanning^to organize a paiachute-maouflictaritig axaceta 
in Japan. 

It is interealnig to learn that the patochnte wtto Iqtowth riiotgh 
|n a c^ftder forn^ in kingdmn of Siam lonfl befcfe J#fJltovenrion 



fltttt tiv^ 

db$ iifCH FaQiw 3^ ooaai^ as 

ci Loots XIV ci Ftaoc^ gives an aooouat of a Siamese fceiiaBfBtljr 
dhrertiag tlw royal femily by taking prodic^bos leaps from a toeer 
with the aid of two specially>made ‘ambrellas’ fastsoad to fa& ginUa 
The sacred books of the Siamese also mention that in aadoat timea 
at ceremonies attending the coming oi age of the son of a niler» trained 
men used to jump frrnn the t(^ of a bamboo tower with die hdp of 
uinbrella*Iike contrivances with bent bamboo iianHi«g whidb were 
testened to their sash'belts. ^ 

That India is leagues behind other countries in aviation is &own 
by the single fact that the first parachute jump in this country was 
made as recently as 9th Nterch 1930. It was made at the John flying 
ground near Bombay, and e^en then it was two British airmen of 
*the Bombay Flying Club who made the descent. 

(126) Altitude of Cirro-Stratus Clouds TSfloo ft. 

Note.— 'Theae are thin sheete of whi^sh doud, intennediate between 
the dmi8 and the stratus, which sometimes cover the sky completely, 
glvif^ it a milky appearance, and at other times present a fibrous sti^mtuie, 
Tfiey generally consist of minute ice crystals and often cause haloes round 
the sun and moon. 

(127) Height of the ‘ Homogeneous ) 2M00ft.sSiaiies 

Atmosphere' / {Eiuyd. Br., 1929 ) 

Note.— This means that 'if the dendty of the atmow^heii tem^oed 
unifmn throutdiout with the same value as at the earth’s^ surface, the idr 
would form a layer only 8 km. (Smiles) thidc, and this is a w net im es 
called “ Height of thgjlomqgmieoaa Atxsoqdiere”. ' 

(128) HighesT ^9^ established in MounO 2 asD 0 ft. 

• taineering tt«f A resort to oxygen J 

Noto.— TUs Samp was put up hy Finch and Bruce in the Sod Bm8|t 
Fii^iedition of U82. i 


(129) India’s Loftiest Peak— NangS Parbat,! 
Himalayas, Kashmir * i 


NotOi—Yot it is probably only the twdftb k^tteA peak in the iralld 
k daes in loody and maJesUc s{dendour at Uie westernmost edge of 
Himalayan, dowiinaHi^ the landscape. 'Nangd Paibat’ meana^Nid^ 
Mount^ 'i Sigi^ peak is probably so namad owing to the twieaeN 
hSightS- ■ ■ ■ mf- ■ 





(iSfi) Wortd’sElevatkm Retold loir I/M^ 
carrying op Mounttte Hididids 


\ 


aeoo646M»iL 


liol«.~Diitiiig one <rf Um fhiweitHimpte made od Bweat in UBS a 
y o nmt Oorkba ooBKommiadoned ettser of the fth Gmddm Kiflea mmted 
NUk Tajfair Bote carried a load of «nre oxysm reaervoba—one writer 
neotiooa their weight aa 50 lbs.— to 26^000 f t« At the 1924 expeditiott three 
SPfteta carried loads to aSiSOO ft. In both these cases the dintbers rriied on 
ftieir inherent powers of aodimatisation and made their ascent without the 


aidof oxraen. 


(131) Highest Altitude at w^ich a Bird has) mmia 
been seen flying J 


Note 

A 'crow was seen flying near the sonimit of Everest by the 
riimhiwg par^ in 1924. It is a wonder how tlw lammeigejrer, the 
oondor, ftie eagle and other birds prey, as also the crow bear the 
changes of h^h altitude without the least ill eflhct. Their eyes,* 
skin, wings and breathing apparatus must be peculiarly omistitated 
to enable them to stand these additions. It is not all birds that can 
do aa In one of his balloon ascents referred to in Item 111, the 
one mpde on 5th September 1862^ Glaidier had taken six i^xms 
up. This is how he narrates their adventures 

‘One wss thrown out at a height of 3 milea, when it extended its wings 
snddrafpedaaapieceo(paper;aaecmtd,st4miIe8.Sew vigoroualy rottnd 
1 ^ round, eppasently taking a cUp each time;a third was thrown out between 
4'aad 5 s^pa, and it feQ downwa^a aa a atone; a fourth was thrown out at 4 
mBea <m deacemfing: it flew in adfde, and shortly alkihted on the top of the 
baBoon. The two remaining pigeons were brought down to the ground, 
(hie was found to be dead, and the other, a carrier, was alffl firing, but 
‘ would not teavc the hand when {'attemptedtpi * 

quarter of im hour, it began topedk a piece of tiSiofl which e nc irdad its 
aedc, and was then jericad off the finger, and fls«t with acoe vigour towaofs 
'Welveriiaiiiiiton. One of the pigeons returned to Wohrerliamptaii on Sunday 
Mb |fld tUs is the only one that has been heard of. ' 

While certain Ifirds can fly to great brnghts or at bi^ aftttndes, 
(hsngpte dOnen noted fpr long*distBnoa fii^t like the albedross and 
th^petittL thfse birds are bften seen at considerable distances 
from JnA even in stonay wefitber. The albatross, found nsar Beh* 
ring 3tnlt and in greater abundance in the Sootheni Ocean, Is the 
Iflpgnnflinrt $tauti^ of sea-birds. In a foU-grodta biaiihe lengib of 
& boiilf oflm nffehei 4 feet and flw wadPd*25 Iba 
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]oa8 tuoA mno^And sodiKtimes plasiite aa modi as 17 feet from 
tip to tip wheiMKead. ltiSaad&||8|^t on the top of high prod* 
pitous cliffs in tfe» smaller uniditpl^ islsutds. In feeding, it gorges 
itself at times sn^ the result tl&f,,li' cannot fly. and then it sits 
motionless on thp water, heaving op and down with the waves 1 It 
follows a ship for days together, now and then wheeling round it in 
wide drcles for nearly half an hour at a time, sailing both with and 
agaipst ^e wind without perceptible strokes of the wing, and then 
pursues its flight without once alighting on the sea for food or test 
One bird, released at a seaport with a message tied round its neck, 
is reported to have been subsequently traced across the ocean at a 
place nearly 2,000 miles away, more than the distance from Iceland 
to Newfoundland I In this case, as there was no land anywhere bet* 
ween, the bird most have made a * non-stop ’ flight unless it occaskm- 
*aliy took rest on the waves. Its unique powers of^flight are doe to 
its being long-winged and web-footed, a factor which enables it to 
fly in a smooth glide without any apparent motion of the wings. In 
its soaring flight it avails itself of up-currents of air of varying velo* 
city at different altitudes. Some '^ters go so far as to state* that, 
owing to these advantages possesdbd by the bird; it can sleep in the 

atmost^ere 1 This statement hcKli^er lacks confirmation. 

- « 


We have it from Popujj 
that there is another bii 
for its distance 
weather make. 

South At 





hanics Mag/azine of, October 1932^ 
l^^den plover (a wadidg bird),* noted 

* la- : a: * 


in fair 

Nova Scotia to Colcnnlna in 


may 


til!674wHi«^untain-Climb Record} 


;^rd, in its migrations, 
t from 

2,400 miles, flying day and night ! 

2 gd 26 ft.» 

5 m. 2 f. 135 yds. 


Notq ' 

’ffias roodd ebvation was re^hed by I>r..T. H. SomervelJ^ and 
Major E. F. Norton bn 4th June ^9*4. ^ ' 

’ ’ *«; 

{Great hardship* are >enc()pntered in climbing lofty monntain 
heights. Fnrkms hnrpauies, sdddan snow*8torn^ toe cold sfebs'^/ 
% windi, Ji^ pvesftiro *9 the slm’s altra^dtlK^ 

toys, f ip jjlll^ exbanstto^iiiiiPitotoe^ be endarad|^ tim 



dWmtoatteiii<»ri 4 >IHM»didWVMlSometi^^ of show. 
dost come down in layers so tbifik that If^grows |mch<dark in late 
afternoon atd a chilling blast foQows in their wake. ^ 

At ^ assault on Everest in 1924, even at 21,000 ft. a tempe. 
rature ol several degrees below zero was registered. Frost-bite to 
toes and fingors is an ever-present menace owing to the cold and wet 
Moontaineers wear wind helmets, cold-proof and waterinoof costumes, 
nailed boots, and crampons (pointed plates for the foot). The glare 
of snow-fields is so dazzling that snow^oggles have to be used to protect 
the eyes. The low density of the air makes, as a rule, resort to oxy- 
gen necessary after a certain elevation. But at the last attempt on 
Ever^ in 1924, Norton and Somervell made their record ascent 
wHfaont using oxygen. This rendered their upward progress extreme- 
If dow and difficult. Somervell, besides, suffered terribly from 
die effects (rf wht^ is known in mountaineering circles as bit^-altt- 
tude throat The extremely cold and di;v air brings on a pardied 
throat, which in advanced stages may become a danger. On the mor- 
ning fdkiwiag the record climb, Norton woke to find himself suffer- 
ing fiaom snow»’bIindness. It must have been a pathetic sight to see 
him assisted in hisidind state down difficult ste^ by other mem- 
bers ci the ptrty. 

Among other dangers which mountaineers have to face are those 
whidrarise from landi^lides, avalanches, faUing ice-crags, loose boul- 
ders and htd^n crevasses. An avalanche is a huge body of snow, or 
sntfw mingled with ice, which becomes detadbed from snow-covered 
uM^tain tops and slides down, the mountain side or fidls down a 
precipice. It carries masses in rock, sottSiiyill^ydUfu'Btiaies also trees 
ahwg with it. The continoal accumulation of snow and* ice bn a 
mountain top makes it necessary for the excess to be got rid of frmn 
ttqpe to time. An extremely small proportion of the overloaded snow 
evaporates, bnt practically the whole of the surplus is disposed of in 
tike foim of gladers and avalandheA On the summits of Ugh moon- 
taiidfvast massm of this snowMometimes stand out so findy bafmiced 
tilde a tfanndlt'dap snffice to tilt tfiem and bring them down 
with a roaring crash. The mountaiqper in their path is absdntely 
l|^leM. In tte ^ps, says a ygriter, even the smallest things may 
ramnimn avakuUbe.^The vibfatlpns inndpeed by w 
tniA nuqr pndpttau^ dide tul deal dwtructwI^adsM tbs 
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driver took the aecesetrjr preeaatbus. A CaUing brandi, a goat of 
wind or ev«a tiieeoond of a human voice may bring an avalandM 
roshii^ down the monntain side. In the ascent <rf these mountains, 
therefore, the Alpine guides insist on absolute silence being observed 
by the climbing parties. This dread di the avahmdie is referred to in 
his poem Sohrab and Rustum by Matthew Arnold: — 

* But as a tnxq> of pedlars, from Cabool 
Cross underneath the Indian Caucasus, 

That vast ricy-neighbo^ng mountain of milk snow 
Croesiog so high that 


in single file they move, and stop their breath. 

For fear they shotdd dislodge the o’erhanging snows— ' 

So the pide Persians held their breath with fear. ’ 

The danger of avalanche’s lies not only in their tremendous we^bt 
*and speed, but also in the powerful winds they often generate. The 
‘avalanche wind', as it is called, is caused by the {wessure of the 
thousande of tons of snow as they travel at break-neck speed down 
the mountain side. Sometimes this wind is as violent an a tornaifo. 
It is driven not only along the path of the snow-sl|p but oiji both 
sides of it, uprooting trees on either side, and the effect ot an ava- 
lanche may be felt hundreds of yards away from its course. Owing 
to its deadiy character, the avalanche is sometimes described as A 
‘thunder-bolt of snow*. Avalanches occur most frequently in saramK 
when the snows on the summits begin to ''melt,, or when great 
masses of snow are piled up on the mountain sides after unusually 
heavy storms. « 

Crevasses aMftoigJ|>«^ssares ^rmed^ in the body of a ^acfer ' 
as ft pasles over a steqp or uneven bed. They may tkmr^ore be 
.ttther vertical or oblique in their cut. They are often very broad*' 
and where vertical as deep as the glacier is thick, and where oldiqne 
their d^ths td course exceed its thickness, but their walls are rarely 
parpmidicular. Crevasses occur always as open chasms when formed 
below the snow-line, but frequently as concealed abysses* when 
formed above it In tlie latter case theif tops^are often covered iln& 
snow, and it needs a trained eye to detect the presence of these 
anow-bridges whidt are especially treedierot^ when thin, ^ii^pn 
the snow is feesh, the hidden crevasses are located by tai^^^^ 
si>ow-dbypib| with a stcorg ^ bStasapTMantion against aodde^ 
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wbidt may t»o\*e fetal* moantainesrs in crossing the snspe^ 
Qiots caose eacb member ctf the party to be heM feat by a long 
rope to two others, for there have been instances oi unwary mono, 
hdnears being ent<»nbed in such crevasses by the soow>brkige 
giving way. 

Other lofty Himalayan peaks besides Everest ascended by moun. 
taineers without being able to reach the crest are: — 

Naow of Peak Point reached 

(l) Na»^ Parbat ... * ... ... 22,96Sft 

N. B. — This is the loftiest peak of the Western Himalayas and 
stands out like a grim sentinel at the west end of the range. It rises 
thousands of feet sheer above the bed of the river Indus, which 
itself lies at an elevation of about 3,000 ft. here. Rich trt^Hcal forests 
oovinr the lower sides of this face of the mountain, presenting a* 
picturesque sight. The eastern face abounds in glaciers. A writer 
describes the glories of this peak in the following terms : — 

‘Loveliest of all the Himalayan heights is this Nanga Parbat as seen at a 
distance of some 80 miles away from the popular hill-resort of Gulmaig in 
Kashmir. At suiftise, before the white mists begin to gather and drift op 
hram the valleys, or in the evening when rain all day has washed the skies to 
a ddicate dear Uue, NangS Parbat, with its highest point 26,629 ft above 
Iffe^leveL aeems to be raised up beyond this world of man’s diminutive traSir, 
g^jdibade of ivory and opal, hardly to be distinguished from a cloud but for 
tth darity of oudiM of ita peaks and ridges. Viewed at short range, as from 
the valley of the Ihdus which curvea round its base on the north and west, it 
hmiceaBes by its mass and height and steepness more than the greater 
gjStWa, more than Everest itself even, for It rises 24,000 ft sheer up from 
the river, whereas they are approacfied and — gk forj li|- .mfriit part, from a 
ground levd of over 10,000 ft ’ . • 

To mountiuneers Nanga Parbat is a redoubtable peak, as ascend 
of it axe tendered extremely dangerous by suddEsn snow-stonns, 
bHiag winds and hago, treacherous ice avalanches. A party of four 
British climbers who included Mummery and C. G. Bruce, assisted 
by Onrldia porters, made an attempt on it in 1895. Mummery, 
accompanied by two Gurkhas, endeavoured to explore one of the 
hi(d> passes on 24th August, but ccHild not proceed higher 
than 20,(KK} ft. He was however never seen again, and it is thought 
probabte that be was overwhelmed by an avalanche. Referring to 
the obstacles preaented^by this peal^ Brooe remarks:— 'i wonder 




w]i«b«r Parlii^ trill ever be dimbedi it b jprolMMy as dtffi- 

cdt a tttWObtainM^ is to tackle, Imt the ywy 

lightest camp can be takea high up, and even to gct to one’s camping 
places, the climbing is terrific. At present it seems beyond the 
strengdi of man.’ In Nanga Parbat unlike Kamet it is eatremdy 
difficult to hnd suitaUe camping places anywhere within striking 
distance of the summit. But as mounteineering technique has made 
great abides in recent years, it is expected that a way may be found 
to overcome this formidable digiculty. 

A German expedition from Munich led by Herr Willy Merkl 
made an attempt in the summer of 1932 to conquer this peak. A 
camp was established at 22,965 ft. preparatory to the attack, but 
owing to sickness among its members the party was forced to return. 


(2) Kangchenjunga ... ... ... 24.450 ft. 

• « 

N. B. — This point was reached by the Bavarian expedition of 1929 
beaded by Dr. Bauer. Kangchenjunga is far more difficult to dimb 
than Everest on account of its impregnable defences and terrible ice 
avalanches. In the first attempt on this peak the progress frcma the 
f«m p was tedious and painful and dimbing ‘ a desperatdy difficult ' 
process. Hacking steps in the steeps, the mountaineers heroi- 
scally fought their way up, but the peak offered stubborn resistanca^ 
It even assumed the dfensive with the deadliest of weapons. Col4|fl 
al masses of ice broke off from the overhanging glaciers and horle9 
themselves thousands of feet down die granite predpices. ‘ A crud 
north-west wind snarls at the dimbers with fiendish ferocity.’ The 
temperature went down below zerq. Still they persevered, fiut 
soon caitie a devS^tin^ni^ow when an enprmt^s avalanche hurtled 
dgwn dangerously dose past the main party, swept away to his 
doom one d theis best porters anti in one moment undid all dieir 
laborious work. The onslaught was renewed from another point 
with even greater vigour, but these efforts 'were equally fUtile. The 
party were *altunately compelled to retreat and the mighty 
Kangchenjunga stood unconquered. 

(3) BriaePsah, Karakoram ... * ... 24.600 ^ 

N. B.— The Karakoram Range is regarded as practically a 

continuation or offshoot of t^ Himsdayas. The above poui| yntk 
by the ItaUaa tourut^ the l>ake the Abrurdi io 1909. 
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Mooiitaiaeet^ mpeditioos hav« bean nmdering vabiabla tar* 
vim to the cause of scienoe, as will have been noticed even ftom 
tibe Uttie informatiw we have been able to give under some items 
in this dmpter. But, obviously, extensive and intensive exploia. 
tkms of mountuns of exceptional interest like the Himalayas, firom 
the stand-points of several branches of science, involve prolonged and 
highly organized effort and heavy cost It is therefore welcome 
news that, in the beautiful surroundings of the valley of Kulu lying 
on the border of Tibet and between $imia and Kashmir, an institu- 
tion called the Himalayan Research Institute has been established 
by the Roerich Museum of New York. The Inrillbnt galaxy (rf 
honorary advisers of this Museum includes such illustrious names 
as Einstein, Bose, Millikan, Mtchelson, Tagore and other scientists 
and savants of world-wide fame. The ftiain object of the Institute 
is to conduct a scientific exploration of the Himalayas. Thcwgh in * 
its infancy, it has already covered a good deal of ground in the biolo- 
gical field. It has sent numerous specimens of Western Hima- 
layan flora to New York, the Michigan University and the Jardin 
des Plantes at Paris. The New York Botanical Garden is actively 
co-operating with the Roerich Museum in the latter's endeavour lb 
discover plants of economic and scientific value, particularly those 
pc medicinal use. Besides this important work, the Institute has 
mede a large zoological collection and has started a geological 
collection toa It has also set up and proposes to maintain its own 
local museum and research library. It is working in co-operation 
wite simiiar institutions elsewhere in the world, so that its 
activities are really internatioeal in t heir ct qi^icte r. As for the 
future, there is a practically unlimited ^eld of research before 
the Institute in the yet unexplored r^ons of archaeology and 
allied sciences as well as in those of the natural sciences. A sure 
gaaiantee at the future success of this great scientific enterprise 
is tiie presence on the spot of its versatile organizer. Professor 
Georges <te Roerich, well known as an explorer, artist tmd author. 

(133) World’s Thj^d Loftiest Peak-Kangcheojunga 28,146 ft 

Note.— Hw name of this peak ia variondy prononuoed or apdt The 
N^alese ptonounm it aa KSogchenzeunga, whSe to the Sikkinieae it J> 
koom by the somewhat jaw-breaking name of KQngifaa'Dtod-Mgik * 

Nga ' mewiiig ' Five Tremurcs We have coAe across yet aeQ^wrvs(iatioo~ 



UNi> k uomm tRo^sf^dinui , ^ 

• ’ ■ ■ *' 
Klodiu Oi iilg» h ut tava no informatioa a$ to haw thitMumae tarn arl«a 
or«lietlMr,tfiopMdci»ioeaOedinanjrof the other SBmalajraa States <a in 
any part <k Tibet The name Ka^chenjtii^ in of Tibetan origin an^ 
meane * the five treaeuriee of the great snows'. 


(134) . World s S^ond Loftiest Peak— Dapsang,') 
K2 or Godwin-Austen, KaraKoram}' 
Range 


28,283 ft 


J 


Note.— About 300 miles north-west of this peak, b^ns the great 
Plateau of Pamir, the 'Roof of the )^orid’. * ^ 

(135) The True ’Roof* of the World— ) 29^45 ft = ^ 

Mt. Everest > 5in.4135yda. 

Note«-*There is keen controversy over the question whether tha^ 
an indigenona name for this peak. The famous explorer. Sir Sven Hedfiiy 
deduce from certain records the Tibetan game for' it is Giomo Lnngma 

•{ 'the goddess of theyoountry’ ), but the Chief Lama of theRongbuk Monas- 
tery, it Is statedp refers to this peak in his autobiography as Joma Langma 
( 'the cow goddess ' ). Neither of these names has however been so far con- 
dusively proved to apply to Everest, and be^des, it is said that Tibetans 
living in different (daces around the Everest region call different pesks by 
the name of Joma Langma. In many books of Geography and even in 
tM maps annexed to the Imperial Cautteer cf India we find it stated that 
Everest is also called Gaurisluuikar. But in 1903 it was definitely ascer- 
tained by ex(dorers that this was the local name of another peak in Nepa) 
over 100 miles away from Everest We find confirmation of this in the 
EncfdL Br, ( 1929) and in many of the latest Atlases, which show Gaori- 
Shankar as a duitinct peak with an elevation of 23,440 ft 

The height of Everest was first determined by trigonometrical obser- 
vation in 1841 as 29,002 ft, but it was subsequently re-measured and raised 
to 29.145 ft ^ 

The relation between elevdlion and atmospheric pressure de(>ends greatly 
on th% temfierature of the air. On the summit of Everest, even on the ' warm- 
ealt ' day the temperature is never above zero, and at night it drops to as 
low as - 29® F, ( - 54® C.). While the barometer reading at sea level is 29*92 
inches or 760 millimetres of mercury, on the top of Everest it will be about 8 
inches or 203 mm., so that the pressure on the *Roof of the Earth will be 
leas than one-4iird of that at sea level The bolliiig point of water at this high 
elevation wiU be about 160® F. (71® C). 


WelghU of tiKe Barth’s Crust & Central Core 

Having finished with the broad divisions of the earth— its interior^ 
its ocean and its land 8orface» we before passing on to the next 
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dispt»,ooiisi(iirhowt!ietotal weif^tof We 

have already given tiie we^ts of tiie ocean and tlie vr^idle earth. 
Hm estimate formed by some geolqgista of the thickne^ and density 
of tl» earth’s central core hag alnp^ dealt with in onr Con. 
(blodir^r Remarks iir the first',dba|rtM^ 


. t ^ i 

The core is described 4 a «i>Nrtcai, and its iiMSiiSt we find, is 
1,094 miles. Its mean ll'S times that water, to that 

if we take tire averagefdensity of the earth’s material as 1, that of 
** 10 ' • 

’ the core will be 11*5 X , as the mean densfl^of the earth is 5*5 


times that cf water. On t£ie well-known formala in mensoration, 


thovoinme of the core amounts to ^ x 


22, 


y X 1094* « 5*5 billion 

cubic miles, while that of the earth *is 260 billion cubic ^miles. 

Now if a sphere whose volume is 260 billion c. miles and density i^ 

1, weighs 6*593 sextiilion tons, a sphere with *a vrdnme (rf 5*5 

* * 10 
billion c. miles and a density of 11*5 x will weigh 

6*593 x 10« X 11*5 X S X - 290 x 10« 


or 290 quintillion tons. 


To sum up: 

Weight of the whole Earth 6,593 quintUlioo tons 

2«>qiimtinimt<nB 

Wefehtof ) 1-38 ; 291-3S „ „ 

the Ocean J — 

Ai^roximate weight of the 
Earth’s Crust (used in the 
.widest sense ) extending 

from the surface to the . 6t30i'62 •» 

boondaty between the 

lowermost stratum of rock 6f 6»S sextimon tODS> 

and the cen^ metallic 
cotd^willbe * 
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Vie give hlflir^sonie general infonnation 

about volcano^^, together with shor^descriptioris ol the 
various phenqip^a accompanying their eruptions and brief * 
accounts of the appalling outbursts barecord. 

A mcano (Mt. Vulcanus, Vulcan, the god of fire ; 
connate with Sanskrit UM, a firebrand or meteor) may bb . 
broadly defined as a more or less conical mountain, built bp « 
•of successive accumulations of materials expelled to the 
surface in a state of incandescence or intense heat, throiuh 
an opening in tB^ earth’s crust, by pressure from &e 
heat^ interior. This opening is called the pipe, funnel vent 
or throat. The bowl-shaped mouth of the volcano is known 
ai the crater. A volcano may also have subordinate or 
parasitic craters. Whole ranges of mountains have been 
formed by the ejected masses of molten material consolida^ 
ting in course of time around the craters. In the vast system 
of Andes, which extends right along the Pacific coast of 
South America and covers, without taking curves into 
account, a length of 4,500 miles, the great bulk of the masses 
are composed of stratified rocks,,but upheaval and denuda- 
tion^ have been'assistedTiy direct volcanic action, and these 
tl^rre forces have been leading factors in the formation of the 
range. All types of volcanoes are present in it— andoit 
volcanoes almost wiped out by erosion, extinct ones with or 
without CTaters, and active volcanos. 

Th^rindpal volcanic ar^s in the world, besides the 
Andean«;re^pi, ^{0 .^enti&l America, Mmcko, Ala^, 
HawSli liast Indies, New Zeakmd, Italy, 

Sicily an^dil^^i <4^^^ ^ volcanoes’ have been coimt^ 
in the whde being found in leeiand alone), mid 

of these, to Dr. T. A. Jaggar, Director , of tim 
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intaniatfo me active Few t^fa^vala ctf 

Ntttiae excite popular interest so nauch as a voloudc mup- 
tira. It is so aweii^irin^ and so pr^inatit vvith possibij. 

of rdentless forcea bc^l^ loose on ja .^ast scalf and 
working havoc all around. And the phenomena that 
acpcanpany an outburst oftam present a singularly sublime 
spectacle compared with which the manifestations of even 
a sevore earthqusdki are tam^. Most volcanoes have 
pmiodsof activity and of quiescence before they ultimately 
become exthict. Vesuvius was slumbeiring for centuries 
before the great outburst of 79 A. D. which d^troyed 
Herculaneum, Pompeii and other cities. 

* *The materials erupted at the ’outbreaks are of four ^ 
main classes: (1) gases and water-vapour; (2) hot water* 
and mud, (3) lava or molten rpek, and (4) fragmen- 
tary substances. The gases given oif are sulphuretted 
hydrogen, hydrochloric acid (abundant at Vesuvius), 
carbon dioxide, nitrogen and ammonia, besides carburetted 
hydrogen, chiefly marsh gas, the principal constituent or 
that deadly gas, fire-damp, so commo^y found in coal- 
mines and at times near stagnant pools. The chief propul- 
sive force responsible for volcanic outbursts is steam, 
generated by water that has percolated through the 
earth's crust and become superheated by contact with 
the molten masses of magma in the interior. The consti- 
tuent gases of the water of of the magma or of both, also 
{day a part in this propulsive action along with the 'Steam. 

It is estimated by Jaggar that the world’s active volca- 
noes belch forth every year upwmrds of 100 million tons 
of hydsischloric add which, being discharged as gas mixed 
with stemn, mingles with the clouds and, comlpning with 
the sodium of the rivers, forms common aalt. The rivers 
pour out this salt into the sea whic^ %us acquires 
itsstdtin^ * « 

Water-vapour escapes in vast <iU8n(|ries frdb some 
craters and is usually mistaken for 
mqpeiled with attraordinary violence. Al tibe oniption m 
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itofftoatouei W^ Indies/ 1^ gimtert >1^ 

caused tor a blast of steam which * ni^ied down at about 

100 miles an hour, uprooted trees, dismoimted guns, tossed 

boulders about and tore sdid houses to pKces.V 

The North Island of New Zealand contains several 
volcanic cones, mostly mud volcanoes. Many of than are 
intermittently active with their numerous * anoke* 
chimni^s’ or /umaroles,, and vents technically called 
se>6&Uaras, which give out sulphurous, muriatic and other 
acid vapours. As a result of this volcanic'* activity the 
island abounds in geysers and in hot springs whose tempe- 
ratures vary from lukewarmness to near boiling point. In 
fact the thermal activi^ in this area is of a most impres- 
*8ive character, being rivalled perhaps only in Iceland and 
the Yellowstone region of the United States. A plal^u 
over 100 miles long in the middle of the island is a verit^le" 
Inferno, the scene of incessant manifestations of minor 
but highly spectacular vulcanicity. Sparkling geysors 
jfcar into the air side by side with streams of bubbling 
^mud. In the Wairakei Geyser Valley a vast amount of 
steam rises from amidst clumps of bushes in spiral columns, 
bedimming the deep-bine of the sky. In the Empire Review 
& Magaane of September 19^, Kathleen Reed gives a 
picturesque description of the phenomena noticeable there, 
in the course of which she says 


' Some characteristic has 'given a name to every sight, 
^hese is Uui Champagne Pool, gleaming like crystal as it boils 
* perpetually ; the Prince of Wales’ Feathers, a spray which is 
marvellously like white plumes ; the Devil's Inkpot, a hole of 
shiiw black mud ; the Eagle’s Nest, a pit covered witii a layer 
of stick| which have been coated white by the sulphurous steam 
beomth them. . A patch of boiling white mud is known as My 
Lady's Beauty Parlour. The big round bubbles look smoothi 
and oceamy, like bolting milk. Round the* edges it has caked to a 
yelloy^i crinkled mess. 


* In the ('^ ) visited the Karapiti Blow-hoto. 

very dark ni^t and the bush looked bla^ end 



m 


Hlfmfif aombw. OatofftstmUlK^iii a num of racks gnat 

apoot of staam was ooming txMrixontaUy witii a bidlowt tiwa. 
deroos sonnd. We oonld feet the heat on oar faces. It was not 
like steam, for it was a dry heat. To {trove this, oar guide lit 
several flares and cast them into the grey rash. They were 
not extinguished but blown forward like so many sparks. He 
tiien showed os how great must be the pressure. Some 
empty petrol tins which he threw into the i>ath of the steam 
boanoed noisily past os. This blow-hole is considered the safety 
valve of the diermai district, and therefore perhaps of the whde 

of the North Island 

' A few miles from Rotorua is a yellowish-white patch in 
the landscape known as Tikitere. Here 1 saw the more 
groesome aspects of diermal activity, their horror nntelwved 
by the presence di clear waters and green vegetation. " Hell * 
in a match-box ” was the description of the Maori woman guide. 

% Cauldrons of glossy black mud, of grey oily liquid, simmer and 
heav^ ramble and bubble. Round them the earth is cracked 
and broken, and looks as if it may break away at any moment.' 

* Our boat glided through the warm blue water ( of a lake ) a) 
the foot of steaming cliffs from which boiling springs spurt and ' 
fall in cascades.’ 

A few volcanoes discharge toiVents of hot water at 
an eruption. A big volcano has a very large crater which, 
being sometimes filled with water, forms an extensive 
crateral lake. We have already mentioned Volcan de 
Agaa as a typical example of a waiter volcano. There is 
another lake lying in an extinct crat^- in Southern Oregon, 
U.^S. A., which is about 7 miles long and 5 miles broad, 
with a mean depth of 1,490 ft. Its water is eKtraordinarily 
Utte. The lake is surrounded on all sides by lofty cliffs 
1,000 ft. and more. ^ 

A few years ago an American Army aviator and his 
mechanic had a terrible experience during a fUght over the 
dense tropical jungl^ of Central Amoica. As they were 
flying at an altitude of about 10,000 ft. in an amphibian 
aeroplane and dusk was approaching, tira «^e began 
fo dtow s%ns of failure. Looking below, the fiirmah 



^wlii ibe heail; df^t^ forest a cbafn^beiig. fittle aii4 
after a iSW^l^^^ it from afkivii^ decided to 
aliid^ting On its waters. As the two men neared its sdr* 
face, tlmy felt the air getting hotter and hotter. By 
skilful manoeuvring, the airman succeeded in ladding 
smoothly on the lake, but what was his astoiushmcait 
when he found hot spray flying to his face from the hull 
of his machine ! Needless to say, he was alarmed^ and 
he immediately began to ^ke stock of his Surroundings. 
In the gathering gloom of night he saw to his dismay 
high walls of rock rising sh^r from the water’s edge on 
all sides and small columns of steam rising from the 
lake. The terrible fact dawned upon him that he had 
alighted in the crater Of a water volcano in the early 
stages of activity. The hull of his machine sank deep 
in the hot water. The airman and his mechanic passed 
an anxious and dreadful night, for, owing to the perpend 
dicular cliffs around, they could find no place where 
. they could pull to shore and anchor. Early next morning 
tjf^ey repaired their motor. After taxi-ing in a circular 
take-off and a couple of difficult spiral climbs, the aviator 
succeeded in getting clear of the rim of the crater and flew 
to the nearest coast. He learnt later that this volcano 
which had been dormant for many years, vms showing 
signs of activity. 

Under Item 53 of Chapter III we have given some 
particulars of the great*volcand of Aniakchak in Alaslca. 
Anaeroiflane flying for the first time recently over its 
crfter was sucked in by the hot gases issuii^ from the 
fumaroles and* would have been completely drawn in 
towards the pit but for the presence of mind shown by 
the pilot 3y a skilful dive and dimb he saved himself 
from a fatal plunge into the sulphurous fumes. The 
odour of fumes could be perceived 40 miles from the 
pit and even at 6,000 ft. above the crater. But in spite^ of 
this perhaps frequent manifestation of volcanic activity, 
the cratm: has been found teeming with animal 
chiefly rabbits, iprouse and Kodiak bears. Father Hul^)^ 
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ite geology who led the first expedititoh' to tide mtert 
(tide Item 53 of the preceding chapter), has tince 
nia^ a descent into it by an amphildan aen^lane. 
An aviator undertone to land his machine in the crater, 
3,000 ft. below its rim, and Hubbard readily acc^ted his 
offer. The party, which included a cartographer, landed 
cm a lake at the bottom of this dizzy abyss, called Inprise 
Lake. In the course of exploration of the crater, the 
party cut a hole one foot deep ^n its ash bed and succeed 
in mdting in it tin, zinc and even copper, whose respective 
mdting points are 232**, 420° and 1,083P C. The copper 
took oidy a few minutes to melt. The blue vapours 
seen issuing from a spot close by indicated temperatures 
still higher than the melting point of that metal. 

Katmai in Alaska is a well-known peak'of the Aleutiait 
Range. At a violent outburst in 1912 its top was com- 
pletely shattered, and about the same time the valley to 
the north-west was covered with a vast number of small 
fumaroles. This region is since known as the * Valley of 
Ten Thousand &nokes '. Katmai also has lately 
explored by Hubbard who in mid-winter found in its 
neighbourhood warm rivers and a warm lake, while the 
temperature of the air was below zero. 

In the volcanic region of Leeward Islands ( British West 
Indies) in the Lesser Antilles group there is a remarkable 
crateral lake on a mountain side, with steep banks. It lies 
at an elevation of 2,300 ft. Its depth has not been as- 
certained. The pressure of the gases which escape>from 
iWs lake is so great that the waters are often forc^ uP 3 
itett above the normal level. The fume^ are at tim^ 
pedsemous. The lake has come to be known as the * Boil- 
ingLake*. , 

Volcanoes which eject mud are of two classes. The 
true type is know^ as the sobs, which erupts aciduiatd 
mhd, more or less liquid. Such volcanoes are found is 
Japan, Scily, Iceland and several other volcanic regions. 
At an outbreak which took place a few years ago, the 
volcano Bandai-san (6,037 ft) in discharged ov^r 

^ ft 
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tiie t&mubcy a iwi a ns of tons of bcriling liqt^ mod in 
torrents connoted at 176 ft in lei^fh par seocmd! The 
second group of mud-volcanoes occurs in petroliferous 
areas like th^ of the Crimea, the Caspian, Burma and 
Java. They mark a decadent phase of vulcaxddty. 
Burma has several such volcanoes. They are merely hil- 
lock of earth which is continually thrown out through 
small orifices at the top. They occur in groups and are 
found for the most part in t|^e Cheduba and Ramri Islands 
in the Bay of Bengal near the Arakan coast and to a 
lesser extent at some places on the banks of the Irrawady 
river. The largest cone stands in the heart of Cheduba 
Island (area 20 miles by 7 m.) at an elevation of about 
1,100 ft above the sea. These mounds erupt quantities of 
earth owing to .the pressure of gases escaping from the 
internal depths. The eruptions are usually accompanied hy 
a discharge of saline water containing a small proportion of 
petroleum. The water frequently bubbles up and gives off 
.. the gases which, being composed essentially of hydro- 
carbons, are highly inflammable. Some of these cones eject, 
resides earth, fragments of stone, and ocxasionally the gas, 
which is usually marsh gas, is seen aflame. These out- 
breaks, says Wadia, are not accompanied by heat and all 
the ejecta show the temperature of the surrounding air, the 
ignition of the gases arising from their friction with the air 
and not from the earth's internal heat. 

Among all the exhibitions of volcanic activity the most 
spectoeuiar and devastating are the lava outpourings. 
: ijl^a is only a mass of magma forced out of a volcano fay 
subterranean pfessure, but in a physically and chemically 
* changed condition. No man can ever see magma in its 
' original state. As it wells up and the overlying pressme 
is relieved, the gases present in it bubble up and react with 
one another and with air, which results in the combustion 
of their hydrogen, carbon monoxide anil sulphur vapo^ 
and formation of water-vapour or steam, carbon dioxide 
^ other gases. The escape of these gases is followed by 
^pul^on of Uie molten mass bdow, which is tl^ called 
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km. This matoial is poured out dther in a hiiddTl&lttid 
CUT hai a more or less viscous state. At a terrific outkmit in 
Tcdand which took place in 12^ two gigantic streams of 
liquid lava poured down firom a crater. One of these was 
50 miles long and 12 to 15 miles broad, and filled up ravines 
which were 500 to 600 ft. deep ! Mauna Loa in the Hawaii 
Idands is called the ‘ King of Volcanoes’. It is a lM*crateral 
volcano, the larger cone, situated on its flank, being 7 miles 
and the smaller one on the summit being more than 
3 miles, in circumference. From both craters are dis- 
charged immense quantities of lava at frequent intervals. 
The volcano erupts nothing else. At an outbreak in 1840 
the liquid lava ejected rolled onward in a stream 2 to 
3 miles wide and 12 to 200 ft. deep. At last, after flow- 
ing to a distance of 30 miles in four days, the lava stream 

* leaped from a basalt precipice 50 ft. high into the sea in a 
raging blood-red torrent.’ This torrrent continued its rush 
into the sea for fully three wedcs, heating the water for 
20 miles along the coast and destroying millions of fishes. 

* ^ intense was the glow of lava that ships saw the lurid 
idare 100 miles away.’ At another eruption of this volcank 
which occurred in 1852, a continuous ‘geyser’ of liquid lava 
from 200 to 700 ft. high and 1,000 ft. wide gushed out at 
the base of its cone. Similar outflows of lava from the 
volcano have been witnessed in later years. In 1868 four 
gigantic fountains of lava played for several weeks at 
hmghts of from 500 to l.OOOTt. ! 

^ In Item 38 of Chapter III we Have given a shoij^des- 
cription of that boiling cauldron of the world— Kilau^ «It 
dm be viewed at ordinary times without dapger. Its level 
rises and falls and at its eruptions the liquid lava has 
sometimes overflowed the rim of the crater, but the see- 
thing mass of fiery liquid never cools or solkiifies. The 
Kilauea lake is thus a miniature sea of glowing lava com- 
palpable to that rivm* of liquid fire in Inferno which classic 
autlMirs describe and to which Milton refers in Paradise 

* Fierce Phlegethos^ 

Wboee waves of torrent fire infiame with rage.' 
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^eai^t loirdships, baa established e retmite^ j^ 
on the brink of this volcano. In December 1^1 Kilaiimi 
sprang back to life after months of slumber. On the 28th 
of that month Mr. Ezra Crane, an offidal of the Broadcast' 
ing Company, took up his position two feet from riie edge 
of the crater and, with his gaze fixed over a thousand feet 
below upon a scene ‘ that even Dante in his wildest iUgbts 
of imagination would fail ip describing', issued the world's 
first broadcast of the scenes witnessed in a live volcano 
' Below me is a heaving lake with an area of more tbsn 85 
acres of roaring, ted*hot lava. Countless tons of molten lava 
are bursting up from the bowels of the earth in a score of fotm* 
tains.. Great showers df scarlet lava are hurled into space by 
the invisible forces, only to return to the seething pit once more 
with a roar and a crash that would still the traffic at 42nd 
Broadway ( New York*) on a New Year’s Eve. ........ 

Let me count the fountains for you now — over there in the for 
corner is the greatest of them all, playing incessantly, rdent' 
lessly, 300 feet in the air. Right next in line, almost a plttl , 
of the gigantic fountain, are two smaller ones, inmples in cofh* 
parison, but in reality eadi a hundred feet high. And this way 
a little bit — probably not more than 300 yards or so — is a gronp 
of one^ two, three, four — no — ^five beauties of equal size. Let 
us see- — that makes eight, but we have just started — look at 
those three enormous ones playing fiercely in the centre of 4his 
lake of fire — and, oh, did you hear that roar as they exploded 
thdr tons of liquid rock 7 Look right down here below me a 
^lurasand feet right into the foce of eternity ; there is a new on^ 
just sprung ap, playing almost out of the side of the cliff, spewii^ 
itself, fiery red all over a black crust oi lava, cooled for Uie 
mcanent on the lake surfsice. That makes twdve of them,- but I 
cannot Stay here all day and count fountains, for, gazing back 
over there where we started, there is another group of four new* 
comers mnrily joining in the chorus dF «crasbii^ rock, seethfog 
molten stuff whose endless motion seems to beat time like tibe 
surf angrily poxmding upon a rock-bound coast. ’ 

A strong wind blew for a time clouds of sulpburouk 

* 
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fmsand other vapours from the i^t to where the hifead* 
caster stood, and his voice in consequence grew a little 
hudqr in the course of utterance. A micr( 4 )hone was 
subs^uently lowered for one minute 15 or 20 feet down the 
densdy vapoured crater, so that the bystanders at the edge 
oi the cliff might hear to better advantage the roar and 
of the terrific activity below. Dr. Jaggar, the volcano 
expert, was present and witnessed the broadcast. He had 
bera hearing the sounds of the yolcano for twenty years. 
He informed Crane that the temperature of the lava at the 
bottom of the pit was 1,200* C. 

Among the le^r phenomena noticeable at an eruption 
of Kilauea is a fine glassy hbre-like thread which the 
Hawaiians call Pele’s Hair, Pele being the name of the 
dreaded goddess of the volcano. This material is spun by * 
the wind from the rising and falling drops of liquid lava 
and blown over the rim or into the brevices of the crater. 
Several other objects of volcanic origin are found in this 
noountain such as sulphur banks, pumice beds, lava tubes, 
lava trees and sulphur-steam baths. r 

A thrilling descent was made into this terrific crater^ 
in 1932 some time before October by an intrepid Japanese 
contractor of the locality, named Rikan KonisU. A 
Hawaiian young man shot his sweetheart for refusing to 
marry him and then plunged with her body into the crater. 
From its rim the bodies could be seen 1,000 feet below near 
the brink of the bubbling lava lake., Konishi was employ- 
ed to recover the bodies. He caused two platforms.J^be 
erected on the rim of the volcano at the north-east arid 
smith-east respectively. A stout cable about* a mile long 
was stretched across the abyss from one platform to the 
other. Two tractors were used to lower and raise a cage 
which, travelling on a pulley with its occupant, would run 
along tile cable to a point vertically above the qpot where 
the bodies lay. Then by means of other cables and pulleys 
and the tractors, Konishi was tied in the cage with a 
cotton rope htid by a slip-knot. The cage was hoisted by 
a winch, susp^ed for a short time, then swung to 
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cosmea^lK tiie piatfosms. Thereiqpcto^^^ 
metiit over the abyss and finished the hori^atal trip in 
twenty minutes. Next came the peipendiadar deaoem:. 
After its downward progress for nearly two hours, tte 
cage landed on the sloping sides of the crater above the 
bodies. Konishi got out, ran a coil of rope from the cage down 
thesl(^, descended by it over the loose rocks and viewed the 
bodies at closer range. Returning to the cage, he took out 
canvas slings and, once more descending by the ibpe, 
placed the bodies in them, after which the slings were 
connected to the cage by ropes and the J^ies pulled up. 
Konishi then climbed back into the cage and signalled for 
the upward journey. The gruesome ascent ^as completed 
•in one hour. When the cage with the bodies d angli ng 
beneath it reached the cable above, it was hauled up to 
the rim of the crater, vfiiere spectators were breathlessly 
watching the whole feat through field-glasses. Boards 
-Airere then stretched out to the floor of the cage, and 
'Konishi landed safely on firm ground, successful in bi^ 
^perilous undertaking. 

Mt. Etna ( 10,868 ft. ) in Sicily is the largest volcano in 
Europe with a circumference of 87 miles. It is one of the 
most Celebrated and longest known volcanoes in the world 
and figures in the ancient classical literature of Greece and 
Rome. Pindar, Aeschylus, Thucydides, Theocritus, Virgil, 
Ovid, Livy, Seneca, Lucretius, all refer to it in their works. 
Htudpads of subsidiary cones, small and large, are scattered 
o<& its flanks. About 80 eruptions have been recorded 
during a period of 27 centuries, and they have occasionally 
wrought havoc. In the outbreak of 16^, one of the most 
terrible on record, the original outflow of lava ultimately 
divided it'self into three fiery streams which carrii^ 
destruction into the villages th^ flowed through. The 
seething mass at last entered the sesf as a single strei^ 
600 yards wide and 40 ft. deep. An oruption in 16^ was 
succeeded by a violent earthquake which destroyed partly 
pr wholly alxHil: ^ towns and villages and caused a loss 
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bet!ff«en60.(X)Oandl(K),00^ In 1863 Prafesaor 
made dose observations to estimate the total amount of 
steam ejected from a lateral crater of the volcano. The 
iluantity discharged in 100 days, according to his calcula- 
^ns, was sufficient to yield, when condoised, 462 million 
gallons of water— enough to form a lake 2| miles long, 
2400 ft wide and 30 ft deep ! When Etna was active in 
1928, the railway line between Messina and Catania was 
blocked by lava streams 100 ft. wide, which wiped out one 
town and almost completely destroyed a village. In 
March 1932 the volcano, while covered with snow, gave 
qi)ectacular signs of activity. Internal thunders of growing 
intensity came from the regions of the central and some of 
the subddiary craters. Explosions occurred in the north- 
&kst crater which ejected puffs of sulphurous steam occa-* 
nonally accompanied by cinders, with the result that the 
ffliow partially melted around the summit. A local winter 
sports competition was in progress, and it was held ove( 
ground which trembled beneath the snow. A strong wino 
frequently caused the mountain to be hidden by clouds of 
steam, and the snow-fields at the higher levels were fromN 
time to time lit up with the glow of the incandescent 
materials. 

The volcano of Vesuvius ( about 4,000 ft. ) is the source 
of an unusual phenomenon the visitation of which is for- 
tunately rare. It is the so-called hot rain. Small clouds 
of hot vapours escaping frOm the •crater are carried here 
and there by the wind, and rain failing througlMhese 
clouds when they are low reaches the ground in a hot 
state. This rain burns the eyes and makes the face smart, 
and has a destructive effect on vegetation. Crcq)s, vine- 
yards, undergrowth and tender shoots in the Vesuvian 
zone are scorched and ruined, and the whole region 
presents a desolate appearance. The stricken areas 
become totecco-coloured after the hot shower. This 
phenomenon must be due to the vapours of hydro- 
cUoric acid which escape from the vdcano in large 
quantities and, dissolving in the rain-water as it falls, piv 
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duoe l||Qlute bydrochloric acid ftfrong enough to have an 
irritant effect on the human skin and a sonddng effect on 
v^etation. 

Coti^xi has been known to discharge shafts of fire to 
a height of 5,000 ft, and it sends huge stones flying to 
stupendous heights as if * hurling defiance toward the vault 
of heaven At one of its eruptions it is reported to have 
hurled a 2(X)-ton block of stone which fell 9 miles away 1 
There is a smaller volcano iy South America named Antuco, 
situated in Chile, which at an outbreak catapults stones to 
great distances, sometimes as much as 36 miles. 

At many great outbursts, besides a. constant shower 
stones and scoriae or volcanic cinders, a huge column cff 
fine particles rises from the craters to heights of upwards 
bf a mile and is>thereafter spread out by the winds like a 
l^eet of cloud over a considerable area around. This cloud 
^sometimes so dense as to darken the skies and shut out 
linshine from the whole area beneath for days together, 
fio .that continuous night reigns there during this period. 
The so^alled sand erupted by many volcanoes is really lava 
l/in an extremely fine state of pulverization. It is a grey 
powder and bears a close resemblance to wood or coal ash. 
It is popularly called volcanic ash or sand. These minute 
particles, after hovering in the air for some time, finally 
settle down as fine dust. 

The most recent eruptions which merit mention are 
those that took place in, the Andes region in April 1932. On 
th^Ukhof that month the seaport of Valparaiso and other 
cidw of Chile were rocked throughout the night and 
morning by subterranean disturbances, and earthquake 
shocks accompanied by underground rumblings lasting a 
whole night spread alarm in the volcanic zones of Chile and 
Argentina.* The volcano of Descabezado (12,795 ft.) 
in Central Chile, long supposed to have been extinct, 
suddenly burst into fury and ejected clouds of ashes and 
showers of stones. A choking pall of volcanic ash covered 
nn area as large as England. The air in some regkms 
t^me poisonous owii^ to the fumes of sulphurous gas 
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wltb it Sevoi otlior yolcanoes in the Alices 
rimihufly burst into activity within a few hours of tms out- 
break and discharged dense douds of ashes. Valparaiso 
and Santiago were covered with the volcanic dust and 
white-hot dnders. Three days later two other volcanoes in 
Argentina became active. 

The volcanoes concerned in this activity are of deva- 
tions ranging from 11,342 ft. for Las Y^as to 21,550 ft. 
for Tupungato. Tupungato Is the loftiest volcano which 
has erupted in recent decades. * The distance between the 
farthest apart of these volcanoes is about 200 miles, and 
yet all of them were active at the same time. The explo- 
sions that accompanied the outbreaks were heard within 
a radius of 100 miles or more. A few airmen flew over the 
crater of Las Yeguas and heard loud detonations every , 
half-minute and saw blocks of stone weighing several ton^ 
hurled to heights of over 200 ft. • An American sarmajL 
who flew over the volcano of Quizapu at an altitude 
14,000 ft., reported having seen a column of smoke whic}^ 
rose nearly a mile above the crater. For the three days^ 
during which the activity lasted, all the inhabited places^' 
in the volcanic region were in a state of semi-darkness on 
account of the continuous fall of ashes. It is estimated 
that by the end of this period upwards of 3,000 tons of 
material had fallen over Buenos Aires, more than 700 miles 
away from the nearest scene of activity. The farthest 
place reached by the volcpnic ashes was Monte Video, a 
distance of about 850 miles from* the nearest v olcano in 
action. 

It is the general view that, where a number of volca- 
noes lie in a group or at no great distances from one an- 
other, <mly one b^mes active at a time while the others 
remain dormant. But these Andean outbursts show that 
vast underground forces are still at work affecting large 
areas. The solid land in the region of these Andean volca- 
noes, and in fact of all the active volcanoes in the world, 
must be a comparatively thin crust floating in a sea of 
nmgma just as an ic^rg does in the ocean. The great 
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^Wr^d tite tenridc volcanic eraptions that ftcwi 
time to time in dififerentregionsaffordevidmice^tthe^b' 
tenan^ forces which began shaping the rarth hundreds 
of million years ago are still inoperatkm. As a wtitca’ so 
forcefully puts it, ‘for all the rigidity of what we call terra 
yfma, mountains are still heaving, continents are still 
tilting, bed-rock is still trembling, while, beneath all, the 
primal magma is still welling/ 

/Hie region of the world which, relatively to its area, 
can boast of the largest number of volcanic peaks is the 
Dutch island of Java. We mention some of them which are: 
stUl active, as their names are reminiscent of Hindu colo- 
nization of the island in the distant past. The highest of 
^ese peaks is Mount Smdru or Sem^ru. It stands 12,238 ft. 
I^vethesea. Sempra in Sanskrit means ‘similar 

Among the other peaks are Guntur, Ardjund 
^ RSwun. At its eruption in 1843 Guntur threw up 
||h^ to an extent estimated at 30 million tons! There is a 
in the neighbouring island of Sumatra named 
^drapura, with an elevation of 11,800 ft. It is the highest 
peak^^n the island. It sends up dense clouds of va- 
pour from time to time. 

Merapi is another active volcano in Java. The beautiful 
temple of Mendut near the stupa of Bdrft Budur, refer- 
red to in Item 49 of the previous chapter, lay for a 
long time buried under, a heap of ^shes ejected by this 
yolrapsMii^i it was unearthed in 18M. Volcanic activity 
in tne island also exhibits itself in a decadmit form, such as 
themud-volcandof Grotx^n in the Solo Valley about 30 
miles east of Samarang. There is another volcano of this 
class in the pear-by island of Madura. 

Sumbawa, another island in the East Indian Archi- 
pelago and one of the Little Sunda group, contains 2% 
craters, of which Tamboro may be singled out for ^>eci^ 
Police. At a terrific eruption which took place in 1818 it 
lost nearly a third of its devation, but it still retains a hmglit 
pf 9,0^ A. On the night of 5th April that year beipia i 
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Hiatotiities of ash were ^'ected #h1ch, ri^g into 'tibe air, 
ehvdop^ a large area in a pall of darkness. The Mcies 
were now and again lit up by flashes of lightning. The 
ashes were carried to great distances, particularly towards 
the west. It was calculated that within a radius of 
210 miles the average depth of this material was 2 feet. 
"They floated in huge banks on the sea', says Professor 
Bonney, ‘ and buried a large amount of land.* The havoc 
caus^ by the eruption was enormous. ‘ Forests were des- 
troyed, canals blocked, flocks and herds killed’, and it took 
a heavy toll of human life too. 

In the evening of 10th April the Raja of Sangir, an eye- 
witness, saw three columns of fl^e shoot up from near 
the top of the volcano and mingle in a confused manner 
above the crater. In a short time the whole mountain id 
the vidm'ty of Sangir looked lik& a huge body of liqujfP' 
fire expan^ng in every direction. 

The detonations which accompanied the outbreak wei^ 
so loud that they were clearly heard at Jokjakarta in |ava7 
480 miles away. It was at first supposed that some enony' 
attack was in progress and even troops were rushed to 
repd it. To the north the reports of the explosions reach- 
ed as far as the island of Ternate near Gillolo, a distance 
of 8i% mil^ and to the west they were heard at Mokko 
Mokko, a port near Bencoolen in Sumatra, 1,116 miles 
away! These starting dhta lead to no less staggering 
conclusions from the acoustic point of view. Sqgipflii^at 
ti^ intensity of sound energy varies inversely asf ^ 
of the distance from the source, the intensity in this case 
nttnA have been at the source more than a million times 
jgreater than at Mokko Mokko. And as the^ velocity of 
souxai in air at ordinary temperature is about 1,(^ ft- ^ 
second, tii» pei^le of this place must have heard the explo* 
sioha about an hour and a half after. Besides, as sound 
radiate mr is propagated from its source in all directions 
and tmvds in continuous straight lhM» in an unobstructed 
11 ^ cam, the ’dettmationa wtfe possi' 



bly tard in imrt? dt Australia and at m other plaoea 
withipf iheML radius of a thousand miles, so that the 
diam^er of the circle covered by these sounds must have 
been very nearly a fourth of the diameter of the earth ! 

/l^e re^n for our remark that sound waves travel in 
straight lines in an unobstructed medium except in certein 
cases is that receptions to this law of acoustics have been 
found in the case of sounds proceeding from gun-fire and 
similar explosions. Thus the explosion of a huge ammuni- 
tion dump which occurred !n Holland in January 1923 was 
recorded some 530 miles away, while no sound was heard 
at intermediate places 62 to 112 miles distant. The infrence 
IS that in this instance the sound waves travelled over 
part of the area in a rarvilinear course, almost hyperbolic, 
ireating a ‘ zone of silence ' between their place of origin 
and the farthest point where they were recorded. The 
iKplanation of this peculiarity will be found in the GOndud- 
Sk Remarks under Chapter VIII. 

^ But these records of the Tamboro outbreak, astounding 
as they are, pale into insignificance before those we have 
of the phenomenal eruption in 1883 of the island volcano of 
Krakatoa in the Sunda Strait between Sumatra and Java. 
The author owes much of his information about this out- 
break to Sir Robert Ball’s work. The Earth's Beginning. 

For generations Krakatoa was quiescent and had almost 
ceased to be remembered as a volcano. In the spring of 
there were perceptible sigas that it was at last awa- 
^j»^f|gm^its long slumber. First came earthquake shocks. 

nmlidings from the entrails of the earth gave warnings 
of approaching disturbances. And yet these symptoms of 
activity were regarded so lightly that some residents of 
Batavia orgamzed a holiday excursion to the island. The ‘ 
more di^ftg among them climbed up the sides -of the i 
volcano In the direction whence the sounds proceeded from 
the top. There they saw a huge column of steam iss uing 
with awful noise from a deep fumarole about 90 ft. wide 
By the end of summer the noises from the ^al^L. 
had become considerably louder. At first they could 
23 ' " ■ 






afray and at doutde thied M 
i^y the ndbes gathered unS t!»^||t^t} 

he heajrd over a radius of 300 ifiii^. Further si^stm ware 
wanting of the Impending catastrophe. Eadi wiuxes- 
: ahr^e convulsion sent up douds of fine volcanic adi high 
ojlnto the air, and a vast quantity of it was carried hy the 
winds over great distances. The discharge of this naterial 
at last became so copious and frequent that the ahy was 
obscured by the dense clouds it formed. The dadcness 
grew deeper and deeper and sui&hine bdng oomplebely cot 
off, dawn and day were swallowed up in what seemed to be 
everlasting midnight ! Land and sea within a radios of 100 
miles and more were thus enshrouded in darkness. At 


Batavia, 100 miles away, lamp-light had to be resorted to in 
houses at noon time. Even at Bandung^ situated at » 
distance of nearly 150 miles, and 2,300 ft. above the sea, the 
darkness of midnight reigned at midday. July came to ^ 
close and all the while the volcano was visibly developh,t 
its enei^. As August advanced, the manifestations 
activity increased in violence. There was panic over a va^ 
extent of territory. People began to feel that a catastrophe 


of unparallelled magnitude was close at hand. 

On the night of 26th August the skies, now darker than 
ever, were now and then illumined by lurid filches 
from the crater. In Batavia the inhabitants passed a 


^epless night. The houses trembled owing to violent 


earthquake shodcs and the; windows rattlii^ as 4f heavy 
g^ were being fired in the streets, but these were only 
prapionitions of the supreme event 


followii^ day, 27th August 1883, saw«the climax of 
fihe eiroption& Atf^ there were two or three violent 
mqi>k^ems. These were followedby an outbmrstso apj^l* 
i, lmg!4h|^in the wor Ball, it is destined to be remem^ 
beted ti^t^hout the ag». The whole northern and lower 
pcdttons of the volcano wm'e blown up. Vast columns 
of igones and ashes were shot up into the air to stupen- 
dous h^g^ts. The seas around waie terxildy a|iUited. 
Waves lashed themselves into ftny, and aucUn^ng tc 
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to ft hdight of SO feetr «Bid a fe# to anm 
It Tliejr invaded the shores of ftd^cent islaii^ and 
havoc over a large area. All toe ships in tifcie 
hatoc^ vi^e stranded. A vast quantity of floftth^ pumice 
hundreds of mUes on the surface the 
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The din of the explosions beggars descripidon. They 
were hemid over an almost incredible area— in West AOS', 
tralia at a distan<% of 1,^ miles, at Bangkok in Siami 
1,413 miles, in the Philippines about 1,450 miles, in C^lma 
2,058 nnles, and in South Australia 2,250 miles away ! But 
this is not alL Towards the west, south-west and due south 
the wide expanse of ocean presented a smooth, unimpeding 
sea of air for the sound waves to travel through. Thus 
detonatioi& were heard at Rodriguez, a small island 
linorth-east of Mauritius, and nearly 3,000 miles away frorn 
!m|^ scene of outbreak ! Even at distances of over 2,000 miles 
Jtoey were heard like the reports of heavy guns ! The farther 
passage of the sound waves in or beyond some of the coun* 

^ tries was prolKibly blocked by high mountain ranges. The 
' intensity of the sounds must have been at the source nearly 
9 million times greater than in distant Rodriguez, where, 
as was subsequently ascertained, they reached about 4 
hoirs aftcar the outburst, a period of travel quite in a^r- 
dahce with the velocity of sound. If we describe the cirde 
of prqhftble travel of these sounds, we shall find that its 
centra woulG^w toift to*a point somewhere south-east of 
the vokaao, and that its diameter would be at least 
4,500 lii^, considerably over one half of that of the earth ! 

A; d>mpar&>n of the range of audibility of a huge 
d^d^ite explosion with that attained by the Krakatoa 
detonations is not without interest. In Septemter J^^ 
occurred a terrific dynamite explosion at LeeuwdtwnS^d"* 
in South Africa which was heard beypnd Kokstad in thft 
Cape l^ovince, over 375 miles away! The thunders of 
Krakatc^ remarks Ball, were ‘ the mightiest noise that, so 
•far as yrftqfth ascertain, has ever been heard on this^^obe. * 
it seemed ps if Nature, in her wrath, fired a titanicr gun 
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of the earthr the shdis ^ Ita 
bdngthe volcaiK> its4f whieh it sent up fiyinffm 
smithfflreeusto a maximum height computed ht 17 
wijaijs or more ! If so tremendous was the vertical rai^ie of 
, tld still more amazing was the length of trajectory 

' Idf some of its * shdls for according to one report they fell 
^ some casra 250 miles away! Of targets there were 
. innumerable. Forests, plains and towns in the surrounding 
/^ands were subjected to fierce bombardment. There 
was huge loss of life. No fewer than 36,000 souls parished 
in the disaster. Practically the whole idand, which before 
tl^ eruption was about 18 square miles in area and had an 
devation of 300 to 1,400 ft. above the sea, was turned into a 
sutnnarme pit nearly 1,000 ft. deep? Several big forests in 
the ndghbouring islands were wiped out,> but the area* 
occupied by them was increased by masses of the material 
erupted. New islets also appeared ih the sea. { 

The eruptions caused atmospheric disturbance through^ 
out the world. ‘ The atmosphere was struck such a blow*, 
says Professor Daly, ‘ that the air waves were registered by 
Ixirographs during three complete journeys round the globe.’ 
The sea waves rolled on to immense distances from the 
centre of agitation. The long wave reached even Cape 
Horn, the southernmost point of South America, 7318 
nautical ( or 9,000 English ) miles away ! 

The Krakatoa outbursts produced certain other remark- 
al^ phenomena almost world-wide in their appemmjpce. The 
& of ash ejected by the volcano re^ed the 

upper layers of the atmosphere to a hd^t calculated 
to have been nearly 20 miles and eventually spread over 
prpctkdly the entire globe. These particles m^e known 
€thdl*'p]|NeiBce almost everywhere by the brilliant effects of 
sunrise and sunset glows. A reddish Imlo was observed 
rtHind the «m. GIoHous sunsets such as had never been 
witneraed before were now beheld in England and were 
asc^lbEuned to have been simultaneous with dmilar pheno- 
ipena damvhdre in the world, A comparison pf dnt^s and 



othtflirtiGiite oofidusivdy showed tiat these wondexfnt^ 
8^tsllBi» due to the Krato 

The voh^o, though since underwater, wm active again 
in 1928 when it threw up lava and ashes, while .a>lomns of 
steam and water. 250 to 650 ft. high, were seen rising 6:001 
the surface of the sea. 

Gorgeous sunrise and sunset colours similar to those 
seen in 1883 were observed soon after the eruptions of < 
Mont Pelde ( West Indies ) and Santa Maria (Guatonala)^^ 
in 1902 and of Katmai (Alaska) in 1912, when a reddish 
halo was seen round the sun. In these cases too the ashes 
reached very high altitudes, and it is stated that the size 
of the particles could bp calculated. In Nature of 23rd 
July 19^ appear reports of wonderful sunrise and sunset 
klfter-glows observed in South Africa in May, and it gives 
we substance of a report from Dr. E. Kidson, Director of 
Sp Meteorological Office at Wellington, of sunset afta** 
^oms seen in New Zealand from the second week of that 
’’^nth, which he describes as * very beautiful, ranging in 
((colour from pale pink to yellowish pink in the western sky, 
"the appearance showing a certain amount of structure 
suggestive of thin high smoke.’ His Department has re- 
ceived several reports of unusual manifestations of halo 
round the sun. Similar sunset glows since June are also 
reported from Australia, where they have appeared all 
over the Commonwealth. These munificent phenomena 
are all attributed to the volcanic ashes which rose at the 
Andean ^ptions of April. It is estimated that a quantity 
of this material amounting to the 1500th part of a cubic 
mile in volume,*bIown to heights of 10 to 50 miles, would 
suffice to diminish the intensity of the direct solar radia- 
tion at high sun by one-fifth, and Humphreys considers 
that this amount, if continu^ for an indefinite IMod, « 
would be capable of producing an Ice Age. 

The earth, it seems, is but a branch of that huge labo- 
ratory~the universe— where the master-hand cf the Grtot 
^entist is cea^l^ly at work. But while these tremcm-" 
moqs experiments unfold an endless variety of ^hemama 



«ad «d|$eaM M fibuiqiiil^ ilKy 

lalfeiaEt take, alas, a heavjF toll of litel Ai»3 fa ^mq^isal. 

Iite to bdieve otherwito than He wwiEing with fuH 
torcl^ results of His experirnaits. oat can 

^ purposes of 

Providence ! ’ 



CHAPTER V 

The Giant Peaks of Asia 

Th* increaaiiig prospect tires our wandering ey^ 

Hais peep o^«r hiis, and Alps on arise i 

* --Piope 

Aconcagua in South America is the loftiest peak in the 
world outside Asia with an elevation of 23,080 ft. It is 
difficult to ascertain mcactly how many peaks there are in 
Asia exceeding this height. Noel gives an estimate of the 
total number of lofty peaks in the Himalayas. He states 
^bat there are 100 each 24,000 ft. high, 20 ‘giants’ of 

S,000 ft. and 6 ‘ super^ants * of 27,000 ft. Capt. E. St. 

Imie, in his article on ‘ The First Ascent of Kdmet ’ in 

le fourth volume of The Himalayan Journal^ points out 
that there are a^ least 36 known summits higher than 
KSmet ( 25,447 ft^ within reach of India. Still, to Nod’s 
total of 126, if we added Kingchenjunga, Godwin-Austen, 
Everest and the two Central Asian peaks, Tengri Khan 
and Taghanna, we would get the formidable grand total 
of 131 as the probable number of points in Asia which are 
higher ^hsm any to be found elsewhere on the globe! It 
must be borne in mind, howeven that in a number of cases 
the same peak has two or more points rising 24,000 ft. or 
more ai^ distinguished from one another by the suffix 
East, West etc.. 

We have been able to trace 43 distihct peidts highd 
than the American giant. They are :— 

!• KeOa^ dsik F«ak RodctEBmateyas— (ObservitioB of ) 9 ^i«) » 
lieiaht tidtai ftom the Roogbuk Glacier, Tibet) J 

3. Dttoagiri (Didn«irO. Hina^ 234W hu 

4. Ba^giFiek^ noMiiyta^ [ 234)4 ft. 





9, 


& 

9 . 

10 . 

11 . 

12 . 

13. 

14. 

15. 

1 & 


^ Kankonun Rao8^H-3|B*H. Sl^ B. ^ 

West, IBinalajras, ia XuiMMf-SO^ 18^ 4^ 

7y49'rE. ss« ••• eSs '. ess ••• 

Gsurisbaokar, Hiinalsjraa, on the aorthetn ftontter of 
Nqia^2&'* N. 87"* E. ... m ... ... •« 

Tengri Khan in the Sary-Yassi Mountains, Central Aaia 

SankOsl, Himateyasb northem frontier of Nepal— 
27“58'13^N.,86®28'arE. ... 

Golden Throne, Karakoram— 36** N. 77** B. 



Himala: 
28® ISTir N., 


northem •frontier of Neprf— 
35 E. ... ... ... 


17. 

18 . 

19. 

20 . 
21 . 

22 . 


Mutriputra, Himalayas, northem frontier of Nepal ... 

Aling Gangri. Himalayas, in tbeKhorsum Province of 
Tibet-33® N. 82® E. ...^ 

Kahro, BBmalayas, in Sikkim— 27® 36* 26* N.. 88®9' 15* E. 

Chamlang East, Himalayas, northern frontier M Nepal— 

27® 46* 2r N., 87® 1' 21* E. 

I 

Chomolhari (‘The Lily-white Mother of Snow’), 

Hhn^yas, northern frontier of Bhutan, but in Tibetan 
territory-29*> 49" 3r N.. 89^ 18^ 43" E* 

N. B.*— It 18 one of the sacred Tibetan niountalns 
venerated by Lamas and pilgrims. There are 
hermit dwellers in its cliffs. 

Akn ( Aku ? ), Himalayas, northem frontier of Nepal— 1 oa 
28®23' 25" N.,85® Itf 12" E J 24,313 ft 

JmigsongLa, Sikkim Himalayas ••• 24,340 ft 

Kulhakangri. Himalayas, northem frontier of Bhutan— 1 24 740 ft 
28®N.91®E. •*. Of* ••• *«• J 

• • 

Bride Peak, Karakcnram * ••• *«• 24,784 ft 

Jannu, Himalayas, between Sikkim and Nepal— f 25^04 E. 
27® 40^ 52* N., 88® 5^ 13* E. / 

} 


23 . 

24 


Tagbarma, in the PSmir r^on, bdieved to be a mrt 
of the Belnt Ta^ Range, whldi connects the lien 
S9»n Bai«e wim the Hindu Kuah— 39® N. 7^ E. 

• N. B,— A Ukrainean expedition ierqwrted to have 
dimbed to the summit of this peak in 193L 

NiiiMKNflmlii&H&talayaa, aouth'weat of Lake Mftna* 
aatOfvar, Tfibet— 31® N. 81® E. 

Guria Mandteta, Himalayas, aouth-eaat M MtaumtOnr 
-4l«N.82»E: ... „. ... ... ... .„ 


25.360 ft 


I 26.360 ft 
I 25*366 ft 



dUMt MkaKs or MtA 


26 . 

27. 


(otNMnratioo of tafan iramGaKit'«nd 
^Cbitnu) ••• ••• ••• *♦,* *,* 

Nfuiidm(Nainclm?)Batwa,Hi^^ 95^ E. 


iUmet, . Himalaydi, 
79^38'4'^E. 


in Kumaon— 30® 58^13?" N., 


23. 

29. 

30. 


N« Almost all the books which we have contHiltfMf 
give the height of this p&ak as 25,431 ft., but the 
figure we have given here is taken from the cabled 
report of the conquest of the peak by Smytheand 
other members of his par|y. 

Nnmyani, Himalayas,^ northern frontier of Nepal— 
28^ 45^ 39^ N., 83® 29' 52" E. _ 

RakapushI, Karakoram— 37® N. 75® £. 

Nandft D6vi *or JawShir, Himalajras, in Kumaon — 
30®22'3rN.,80®(y^E. 

N. B.— This peak, says Mr. Hugh Rutiledge, * impo* 
sea upon her votaries an admission test as yet 
beyond their skill and endurance; a 70-mile 
barrier ring, on which stand 12 measured peaks 
over 21.000 ft. high, and which has no depres- 
sion lower than 17,000 ft. ; except in the west 
where the Rishigai^a river, rising at the foot of 
Nandi D6vi and draining an area of some 250 
square miles of Ice and snow, has carved for itsdf 
what must be one of the most terrific gorges 

In the world. 

The most indefatigable explorer of this region 
has been Dr. T. G. Longstatf who was responsitde 
for sixof the nine record^ attempts to reach 
the mountain. In 1907 Dr^Longstaff and General 
Bruce achieved the only crossing of the barrier 
• wall which has ever been made; from the imrth, 
by the difficult Bagtni Pass (20,100 ft.).’ 

31. MashfnrbrMmf Karakoram— *36® N* 77® E. ... 

32. Barathor. Himalayas, northern frontier of N^)al— 

28®»N.,a4®ysrE. 

33. Gosaln Thin, Himalayas, northern frontier of Nepal- 

28® 21' 3^. 85® 49' 2r E 

34. Gu(dufftMrum» Karakoram— ^ ••• 

36. Monhiadi, Himalmras. iHwthan# btmtier Nepal— 

N,5®5r4e'E. 

3& NaiigiFirb>t,Hiiiialifvaa,ini^^ N. 75^ S. 


m 

2M4Sft 
} 25,447 ft> 


} 2S,456ft. 

2^ ft. 
) 25jG61ft. 


2S^675ft 

)2ft069ft. 

) 2630Sft 
26k483 ft 
} 26,522 ft. 

Im 



iKHTUiacB nPODIKsr Qi nc^Mr*** 

W Jft» . , -.ii*# '. ■■ •*• ' ■■•••:■■.■ ■ ■■■ •.♦•■ ■ 

iiil Maintain') HhntdayiUb ooiiiMni 

fraotierof NQii^29^N.M^S.M. ... ... 


ft 


}a«iW5ft 


Sbsitf. 

27® r 


lOTto frontier of Nepal- I 27,799 r. 

# 9« XS>*«»« ••• t»« ta« et» J 


18* N, 

4& PedcXm or Makah), Himalayas ... .m 27300 ft 

41. fOogdienjaiiga. Himalayas, in Sikkim— 2 S®N. 89® E. ... 28A46ft 

42. Di mM imorK2<MrGodwin-Aa8ten|Karakoram— 38® N. 128383 ft 

43. Everest, northern frontier of Nepal— 28® N. 8 ^ E. ... 29,145 ft 


Itie Hiimdayas are not a single continuous range* but a 
sales of colossal natural ramparts, 100 to 150 miles thick 
and with the Karakoram nearly 2,000 miles long, strength- 
ened Iqr massive skyscraper bastions ridng one alongade the 
other, towoing one behind the other, in almost endless 
succession, and clad in eternal sno^. What Byron writes 
about the great Alpine p^ can with greater force applj^ 
to all these Asian giants:— ^ 

* Mont Blanc is the monarch of mountains; 

They crown’d him long ago 
On a t^ne of rocks* in a robe of douds* 

^ With a diadem of snow/ 

^perb as the Alps are, the Himalayas have to-day 
a still stronger fascination for the foreign tourist. Nooks 
and vallejrs, gay with flowers of lovdy hues and bright with 
sOvery cascades or pearly streams, are embosomed in their 
grim and titanic elevations. With their sublime grandeur 
, aod inflni variety of detail and natural beauty rivalled 
ndw^e else in the world, the Himalayas ha\^ for ages past 
himi^ied many a theme for the poet's smig. 

Tim IHmalayas are held in great veneration «by a very 
considerable section of the Hindus. In Vddic times when 
the eSonimts^^^^ worshipped, when the mere awe- 
insqpiring of natt^ phenomena had a divine agnificance for 

Aryans, the majestic range of the Himalayas^ name 

wludi means * the abode of snow was regtt^ ^ 
home of the god of storms, the mother of riveQi and the 



fllAHTPSAIlOf ASIA 


Such a coBceptteti led to the 

tehef mt this nughty mountain range was the abode of S 
the go^ From tune unmemorial great souls have sought 
its enchan^ retreats with their entrancing solitudes to 
enjoy the bliss of nearer communion with the Divine Soirit 
Every pe^ every river. lake, spring and cascade is 
hallowed by a l^end of gods, sages and saints, and as such 
m^es a rtrong app^l to the religious sense of the vast 
bulk of ^du^ Throughout the great epic of Maha- 
bhar^, Himachala (another name for the HimalayasHs 
looked upon ^ holy ground, the beloved home of the g^s 
‘He who thi^ of Himachala. though he may not bitold 
him, ms the sage D^tatriya to King Dhanvantari of 
^shi (^nares) m the Manasa Khandaofthe 
Pura^ ‘IS greater than he who performs all worship 
in Kashi. As the dew is dried up by the morning smq, 
so are the sins of mankihd by the sight of Himachala. Nay 
all beings that, at the hour of death, think of him and 
his snows obtain forgiveness for their sins. ’ ‘In a hundred 
agw of the g^s, 0 King, ’ winds up the sage, ‘ I could not 
tell thee of the glones of Himachala. ’ 



CHAPTER VI 

The Earth's Ahii(»phere : The Upper Tropoq^h»e 

Though the Troposphere is a continuous layer oi 
the Earth’s Atmosphere, we have divided it into two parts 
or sub-layers mainly for the %ake of convenience. Mt. 
Evo^st, as we know, forms the highest limit of the earth. 
We may consider— with due respect to the World’s Powers 
and to international Air Law— that altitudes exceeding that 
of Everest not being existent on*the earth are the mcclu* 
aive (snpire of the airman and of the ‘ spape voyager ’ of 
tte future! We have therefore thought fit to deal with 
the rest of the Troposphere in a .separate chapter, after 
bidding an affectionate farewell to Mother Earth. 

For a long time we have been on the wings of imagina* 
ti<m. It is about three o’clock in the afternoon. We have 
just left behind our last foothold on the earth after a hardy 
climb, vertically measured, of nearly 9 miles, for that is the 
height from the level of the Hawaiian ‘Inferno’ to the 
*R(Mf’of the Earth. Looking through our spy-glass, we 
notice a lammergeyer and a couple of those omnipresent 
birds of India, the crows— sole representatives of earthly 
life viable from this greaf height— as they fly bdow the 
a qinmi t of Everest. A veil of clouds blots out the Hepalese 
side from our view. The tablelands of Tibet we see as 
scatt^ed islands swimming in a thin filmy •sea, indeed an 
oceat^ of clouds, for our horizon rs^ius is over 200 miles.* 
On, <m we fly over this mighty range, sweeping in quick 
suGcesskmpastGaurishankar, Dhaulagiri, Gurla’Mandhata, 
Manasarovar, Rakshas Tal, Kailas, Nanda Davi, Kamet, 
the Badrinath, Kadarnath and Karakoram peaks, fitting 

’f Por rea4*^ caletilaUon, with fair accuracy, of an chaervet't hoti^ 
nidhiaatl few iBi^ above the earth’s iutface, the formula 



sheets of mist. Par in the west, as we gase towards the 
horteon, we see the setting sun with a sky aflame with 
crimson ai»i orange, while the higher slopes of the moun* 
tains below us, as we look back again and again, reflect 
its rays with a rapidly changing kaleidoscopic effect as the 
sun sinks lower and lower.^ 

On, on we fly in the latitude of the Karakoram, af 
something like 450 miles an hour, keeping all the while a 
thousand feet above the elation of Everest, until at the 
end of about fifteen hourswe find overselves over a certain 
place in the United States of America. Night is yet in its 
infancy here. *Suddenly a large cylindrical object darts 
past with deafening detonations, belching forth tongues of 
flame, and after reachiifg about a thousand feet above us, 
tushes back towards the earth, for it evidently came from 
the earth itself. What remarkable object could this be ? 
We shall know anon. 


( 1 ) 


Height at which the Ionization of the" 
Atmosphere has been found to be 
nearly 6 times that at the earth’s 
surface 


9 km. = 
a little over 
5} miles 


Note 


The minute system called the atom consists of a central posi- 
tively charged nudens and a negatively charged particle or partides 
termed electrons re'iofving round it. Certain elements like the 
metals radium, ulanium tuid thorium have the property of emitting 
powerful rays capable of QS^sing through opaque matter, and the 
branch <4 pities known lb radio-activity deals with the properties 
of these rays and tiie processes taking place within the atom whidi 
give rise to thb emission. Materiab which eject rays d this 
oharacUir are c alled radio-activo substand^ All radio-actinw 
materiab emit three distinct types of rays des^mated by the Grade 
btters Seto and Gamma, The first two are streams d 

putides imd the last aie wav«s. The Alito partides are the pod?. 



-itcXL'y'''S ^ 

fi^:«iw^ atoaub: luki ^ csnv 

'/lEbtf are burled at a velodty oompot^ at 12.000 miles a ikob^ 
aad can deliver a Uow witii such foroe as to shatter the very heart 
of some atoms. Their trades can be rendered vidUe bjr ijiddedy 
a mass of'oatorated air and immediately illnminating it. 
Tte Alpha rays can be deflected by an eledric or magnetic field. 
Alfluxigh th^ can pass through even very thin glass, them rays 
ate of condderaUy less penetrating power than die Beta or Gamma 
rays. The Beta rays are streams oS electrons, the negatively 
duuged partides of the atom. They are shot oot at terrific veto- 
dties, tlmhighmt speed approaching that of light which is 186,283 
miles a second, bat like the Alp&«ia3^ they too can be deflect- 
ed by an electric or magnetic field. Inie Gamma rays are a type 
of ROntgen or X-rays of very high freqnency, aod they nsoaliy 
accompany the emission of Beta rays. They are the most penetra- 
ting of all the three rays and will penetrate throngb metal walls and 
oflier objects which stop the passage of Aljdia and Beta rays. The^ 
shortest of Gamma rays wUl penetrate 8 inches of lead, while the 
extent of penetration of X-rays is only half an inch of the same 
metaL The Gamma rays travd at the fall velodty of light. 

electrified atoms or oppositely charged dectric particles Into 
wbldi gases break op by the action ot electric discharge or certain 
piwiatrfttit^ rays ot by solar agmdes are called ions. Ionization is 
tiie pbenmnenon of sadi separation. The ionization of the atmo- 
siilim near the earth’s sarfitce is partly doe to the presence of 
b ivroe of radio-active material i& the soil under , tlm lower layers of 
(dm atmos^ere. The vast majority of physicists condder that 
the infliisnoe d the son, if anjrthing, in thii l^nOmenon is very 
ewMtll- By ascents in balloons atid aeroplanes* equipped with 
inibrimieii^ scientists have discovered ^t there is a decrease in 
iooizidjQD with hdgfat op to an dtitude (rfUbont 3,300 f^ but above 
this levd it gradually increases. This is ’bttribatod to radiations 
ooi|^ig ftmn outside the earth. Both idiyncists and astronomers 
ate interested in the mystery of these rays hrhich are eztraordioarily 
posehratingi more praetrating than even the Gamma rays from 
raho-aefive atoms, and have been found to pass tbronah 
Tbe iadividoal mys lMiQbBi4 the dMriit 




iol^ oidy # wall of lead cai Umu 

not only invisible bitf ocnttipira^vely Btnali in 
quantity. Thoy are ccnueqaently vary diffiodt to bbserye and 
cannot be pbotograpfaed like the invisible nltta>yk>let isqts w X-ntya 
They are detected by their ionizing action on 

As a resnlt oS measurements taken in recent years many 
scientists have dedaced that these radiatkms axe equally strm^ both 
day and ni^tand have consequently come to the condusion that they 
do not proceed from the son bu^ come frmn some other sonroe. It 
has, besidesii been found that they come to the earth from off 
dimctionSa Sir James Jeans, the distinguished physidst-matiiema* 
tician>astnmomer, has pot for the theory that they are due to 
the annihilation d matter on the confines of space. These rays are 
l^nce called cotmio rays. Dr. E. N. da Gista Andrade, Qudn 
Professor of Physics at the University of London, while stating 
that many argoments can be found in support of Jeans’s theory, 
adds that the mrigin of these rays is still in doubt. He ronarks 
that their very natore, whether they are waves or particles, is at 
present nncertain and points out that investigations ate still bdng 
energetically pnrsned both in Europe and America to ascertain 
definitely their soor^ composition and properties and are likely to 
yield valuable results bearing upon the structure and distritoioa 
of matter in space. 

One important prtmerty of these rt^s, by studying which sden* 
tists hope to gun an insight into their nature, is that they diminish 
in intensity as they pass t])rough ^tter. Experiments in this 
direction l^ve been n^de by Dr. Ko^drster in Switzerland and by 
Ur. Robert A. Millika%.^n <r>^t eminent American investigator 
of these myst, and bis oo-workms in America, by lowerii^ recording 
electrometers to different ditpths in u>ow>fed lakes. In Lake 
Constancy Switzerland ttelienetrating tasrs have been detkted at 
a depth of 236 metres (i^Jliriy 775 ft.). Millikan and his coUabo* 
raters have also shown that the rays are not homogtmeons bat of 
varying degrees of absorptivity. The estimated wave-length of the 
‘^^t penetrating d eomic rays—atonming that they are waves and 
oot particles — is 0'63 X 10“** oentimet^ a value so small that 
Nothing like 40 trUUon ti waves ate requited tomake ity a 
loogth of one AccQAlii« to Millikan’s calc^tkins, the loiigest 



tbs diortsst'ql' tlii% , :1[b6 

liH^^ peoatiate 500 ft fiib" W 

^ust It is owiiif ^ thoir exoesdixigly sfaott wave*leog{aM that 
^iob^ic rayst X'tays aod Gamina aUe to penetiats opaque 

cbject& The taage (rf wave'lengths Included in the resi<ni 
commonly design|ted as X>rays extends from 10~* to 10^* cm. 
^d)oat four-million to four-billionths of an indOi ami that of 
Gamma rays frcnn 10~* to 10~^° centimetre (four-billionths to 
4/10-lnUionthsof anincb). * 

Two American physicists. Dr. L. M. Mott-Smith and Mr. G. L. 
Locher of tlw Rice Institute in Texas, repwt to the American 
Physical Society that, in experimhQts they carried out to make 
visible the path of these rays, they appeared as a train of tiny drop- 
lets of water in a strong light — a rapidly moving train Of thk, 
buUet-like particles. Simultaneously with the formation of each 
bullet-track the experimenters observed* a signal in a delicate elec- 
troscopic instrument called the Geiger-MQller counter, employed tg 
detect the arrival of the rays from the depths of space. They con- 
clude that only a swift-moving particle like the electron could give 
such indications. It is contended by advocates of the wave theory 
of the cosmic rays that their behaviour as corpuscles is due, not to 
the track the rajrs but to secondary electrons expelled from the 
atoms of tur gases encountered by the rays in th^ patih. Kohl- 
bbrster is among those who fiiink that these rays are high-speed 
dectnms, a view not acceptable to most physicists, for dectrons 
entering the earth's magnetic* held ftpm outer space would spiral 
rmtad the Poles, whereas according to them tihe cays arenas power- 
fnl at the Equator as anywhere else, h^ftkan maintains diat toe 
taqrs are fast-moving non-material waves uke die Gamins rays of 
ta^ac^ He has reoentijardterated this view, teiofoi* 

cmg it by eondndmis based on the diloevery made by bis coBdio* 
rator, Dr. Carl D. Anderson, that tbe ooi||pk raye can disrupt toe 

nncieas of mi atom. A third suggestion ban been put forward toa< 

Ibey nuqr be itootoifh or bullets of i4fot<‘«4lie individual ^ 

radiant energy whkto consdttt^ 

Dr< yf), F. G. Swann, Director of foe 
Reaeardi Foiiadation at the Franklin Irndtutii ^ 
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1w^lMHx» ta ; 

tioQS eoout witt ttniform or varying mt«i|priity to 
^^cectbos in space. Iljis device is a hliddy snasitiva electxbscope 
consisting <rf two steel s^dieres filled wilh nitrogen gas» with a bad 
cylinder which acts as a ^eld between them. The condncdvity of 
the nitrogen increases with the radiation from fiiS cosmic rays 
promotes the p ass a ge of more electricity to the recording imttru* 
nKsits. Bat if the radiations ^proceed from one direction and one 
^Ota directed there, it will intercept a portion <rf tiiem tom the 
other sphere behind it, and this difference can be measured. 

It is considered that the hi^r mountain peaks in the north- 
west ci India present a uniMfte position for the observation of 
cosmic rays and atmospheric radiations, owing to the of 

the air in diese regions. Dr. Arthur H. Compton, Professor df 
Physics at the University of Chicago, some years ago namn to India 
specially to make observations of cosmic radiation tom some of 
.these peaks. He has recently constructed a steel 'ioniration 
diamber ' for measurement of the intensity of the cosmic rays. A 
short time ago he tO(^ measurements with this apparatus on the top 
of Mount Evam ( about 13,000 ft ) near Denver, Cdorada Ac- 
cording to bis findings, these rays vary in intensity with altitude as 
well as with die time day, t.e., with the intensity of snnli g h t He 
found an average difference of 1 per cent between the twelve day- 
light and the twelve night hours. The conclusion is reached that 
this variatkai, unless due to some uidmown atmospheric pheno- 
menon, suggests that the portion o> space in the neighbourhood of 
the sun ,«mts cosmic rays more copkxisly than the mote remote 
regions. He idso measured their intensity at different latitudes and 
found that tore* was a difference (ff 24 per cent in the strengdi of 
the rays at die Equator and at the Magnedc Pde. He hopes he 
willsbordy be able to prove the electron or particle theory of 
these rays. * Compton’f new announcement only deepens the mys- 
tery (rf the cosmic rays. It is not too much to say diat the pheno- 
menon of cosmic radiatkui has so for baffled Ae best scientific minds 
of the day and that eome time most elapse btore dme can ba an 
sttthoritidive ami more widdy agreed theory as to their odi^ 
^nature, 

25 ■■ ■ 



1 ^^ fKttantira M the hands of phj^idsts. ^ 

nnder the leadership (rf Jtt; 

Bmadb^ Pi^^ at the Forman Christiaa College 

Ijabore> shcHTtly fcdlowin^ the sumomr 1932. made observatioos 
at vdrions summits ranging from 13,000 to 19,500 ft in elevatioii. 
After taking reading^ with the Compton apparatus at a level of 
19,500 ft where the party spent two days and nights. Professor 
Benade made further observations by means of bis own electrome- 
ter, an apparatus with a thin-walled ionization chamber and light 
sbiehk of various metals. He announces that he has obtained 
interesting and perhaps new data with this apparatus. The 
maximum height frcvn which obs^n^tions were made probably 
r^resents the highest land elevation from which cosmic radation 
has yet been studied. Additional observations were made at suitable 
places on the return journey, the most interesting being those made 
386 feet underground in a tunnel of the Mandi Hydro-Electric 
scheme. The members spent a number of hours in this tunnel 
where they were effectually screened frmn cosmic rays, so that 
th^ were able to obtain data which they hope will be helpful in 
cbedcing the formulae used in calculating the results of all their 
.observations. 

*(2) Average Altitude of Cirrus Clouds ... About so, ooo ft 

Note.-— A new method of computit^ the hdght of clouds has been lately 
devised. We may reproduce in this connection an extract fnxn Popular 
Maohames Uagatirto of JiiM 1931 k— ^ 

* To enable Alrpwts to measure accurately the height of cloudaabove the 
ground, a powerful aearchligbt baa been made whidb utilize a comparative- 
jy mdboJb. Tbel^t projects a very narriw beam ^th such intensity 
that a newopqier can be read 5 miles away by its raya Although the lamp 
oiediimdySmrSttmes the ^ of the ordinary bulb used in the home^ 
cffidenQr ti the reflector system compensates lot tfaia The prUicipal glass 
reflector is in die form of a parabolic mirror, which throughout ito surface 
ia to cu aa ed direefiy on the lamp fliament The light, containing a 420-watt 
bl^ produces 1AM,000 oandle-power.’ 

The projection light was recently demmurtrated at Oevelaad, Ohio, 
tTAA., by an ahpoct and airway Uii^ting entfneer ol die Wesdagboose 
IBsetiic and Mairafsct^^ Compony. The 8|dd was pibiaeWd dna ‘ 
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tlBONiag a narntw beam omLakaBtte. Ibebeamomrita 
ooitree ob^ 12 ft a mfle. Hie narrow beam nakee poaeible ^ 
doterminali^ of tbebeigbt of doud banka more aocuratdbr than igr peeiiiana 
methoda. 

( 3 ) World’s Altitude Record fora Sound- ) *iii»a 
ing Rocket J 31482 ft 

Note~-Tbis particolar rocket was constructed by Dr. Darwin 
0. Lyotit an American rocket expert, and was fired on 29th January 
1929. It was over 8 ft. long aad carried in its tip apparatus for 
registering atmospheric pressure and temperature besides a contri- 
vance for obtaining a sample of upper air. At the height it attained, 
the density of the air was fopm^ to be 0*28 of that at sea 
level, its temperature -18®F.'’^ (-28®C.) and composition almost 
exactly the same as that found at sea leveL Lyon’s next rocket, a 
large object nearly 12 ft. long and weighing, minus fuel, 132 lbs., 
was constructed on the principle of sections, one rocket being placed 
within another. In this method as soon as one section finished its 
‘work, its empty shell dropped off and automatically ignited the 
charges contained in the section above, so that, each time a section 
went off, the machine became lighter and propelled itself with the 
velocity imparted to it by the section that had just dropped off. 
In the foremost section were placed recording instruments and 
a contrivance for securing a sample of the air at the highest 
point which the rocket would reach. In front of these in- 
struments and folded into the tip was a parachute to which the 
case containing registering apparatus was attached. Immediately 
below this case was a 7-inch gyroscope intended to keep the rocket 
in the r^t course. This elabofhte machine, however, met with a 
disastrous end on 2nd February 1931 in the course of its trial on 
a somewhat steep slope. The rocket wa^ travelling in a ski- 
carriage, but after going a few yards began to slip sideways, when 
one of the tyedianics endeawored to correct its direction with a 
pole. The pressure thus exerted on the axis of the gyroscope 
loosened it from its bearings, and it fell downwards through foe 
rocket with foe result that foe whole charge in it e.xploded at 
once, killing one man and seriously injuring two others. Lyon is 
however wtalonsly pursuing his dai^terons experiments ai^ with 
the combined efforts df himself and other rocket experts, the tune 
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iiiltiltt^s^^ tt rntmtakt^ dteevt^ioipife 

tt may be of interest to know wbat velodty tiie is 
otuttble ol develop^ at such a height A few years ago an aviator 
in America, attempting an attitude record near 1^3itoit Oldt^ fomid 
^ wind at a he^t of about 6 miles from thegroundUowing West to 
Ba^ at abont 300 miles an hoar! Ha experienced no abnormal 
winds at the time he left the gronnd. 


In Eoghuid, bx the last 14 years Ihe Meteorolo^cal Department 
has been under the administrative control of the Air Ministry, as 
arrangsment which has done much to Inring about intimate ooKipera* 
tion between tibe airman and the nmteorologist. Fmmi^iad wito 
the necessary instruments, airmen-meteorologists make aeroplane 
asomits and take cdiservations, but as tl» method is expensive, ttie. 
work is confiiMd to a height (rf about 20,000 ft Yet the results 
were found to be so valuable that this mpthod was quickly adopted 
by meteorological services in several other countries aiso. But as 
flw aeroplane is driven by a powerfol engine which causes the entire * 
craft to vibrate and strongly heats tlm air in the immediate vicinity 
of the structure, it has been found necessary to design special appa* 
rates fmr use on aeroplanes. In England the instruments used are 
of tile type m which readings have to be taken on a scale or dial 
Ascents are made twice a day. The pilot wears electrically heated 
dothing and carries 'ox^en apparatus. A writing pad is strapped 
cm his knee to facilitate the recording <rf observations. On the dash- 
bosid in front of him is an acoiiate aneroid barometer, and withm 
•a^ reach is a pair of thermometers {msjecting from a metal case 
ommeetiiltoalwoaddarahtminpip^theotherendof whielrisaway 
fKti <m the wing facii^ forward. When tlw aeropkmB is b flight, 
a stream of air will rush through the pipe and ovei^tbe bulbs of the 
tiwfinoaieters. With its bulb wrapped in muslin, one of these in- 
tArmaento, which is capable of being depressed into a pewar flask 
oqntaimpg^ water, will give the wet bulb temperature^ from which 
tiia lutmidity of the jiir can be ascertained. Tins device makes 
posmble adequate mmsteung of tbe wet bulb evmi when the tem- 
perature of tbe air is cmuictoably below fteeziog-point. Ibe pilot 
ynrtdies his barometer closely and reads his tbernaometars at oert^ 
di^dte vabkMi of ti» pressure which of opuiae Isiis steadUy with 


ilBii Iw 

visOiil^^ ^ tfas baiodigiaab^ ^ taadii^ 

for tta as m i ^ i wi to fee Meteorological Office ^ tlw Air ISfibistry. 

lo fltiiec oooatries, especially Germany^ Bejgims and AmMka, 
antmutic reeocdiag instroments are preferred, as t^va ^ 
l^ot of a ooRisidetable amount work. 


(40 World’s Altitude 
Observatkm Kite 


Record for 


9<74 kin.aB 
6 m. 154yds, 
(ff$/mpkr4gw) 


f , N<>te.~At tbe great Uadenbuig Meteorological Observatory near fieiiia. 

obeenratioB kitee and liydrogen>fi]led rubber baUoons, witb instranieota 
attadied to obtain the abnospheric [vessure, temperature and humMi^ at 
various levds. are sent aloft by an electrical windlass. The readings are 
rectmied on papw ejdinders atpidwd to the instruments. The kitesand 
balloons are at last hauled down by the windlass. Hie weathor r$porU are 
yiea broadcast tortile Enn^ieaa atoports. The dieervatory has a r^o 
tower 295 ft. Midi* 


(5) Wwld’s AltitudeRecord for Seaplane or > ^ 

Flying Boat J 

Note.'—This height was reached in a seaplane flight by the American 
Navy fliers Lieut C C Champion, some years ago. In 1929 Lieut ApoQo 
Soucdt a pflot of the United States Naval Air Force, attained a high^ 
altitude in a land aeroplane fitted with pontoons. 


(6) World’s Altitude Record for Balloon car- 
rying two men in open basket 


35,^ fb 


Note.— This record was set up by the German aeronauts, Siiring and 
Berson, as long ago as 31st July 1901. The temperature rostered at 
height was -42® C. (-43-6®?.). * 


It may lie of interest to note that a Butman drawfog master ^ Tavoy 
named U. Kyaw Yin, who has never seen a balloon in his life, has constructed 
a crude one ci his <vvn design. It is buoyed up by smdce i»oduced by burn- 
ing rags of gunny bags soaked in crude oil. Kyaw Yin performed some 
acrobatic feats and hung upside down from his balloon at a height of over 
1.000 feet St ajxiid ascent whidi he made in 1929 in the presence of tbs 
Deputy Ccmmisaioner and other officials at Tavoy. The balloon is 60 feM 
in height and 30 faet in diameter. 

(7) World’s Altitude Record for ) 37,854 ft. = 

Aeroplane carrying two men I 7in.i f. TSy^ 


Note.— This record was set op by Capt St. Oafar Streett and Ca^' A» W. 
»eveto of the S, Army Air Coqw at Dayton, CMiio, in 1929. 





Highest Altitude from whidi 
AoM Hiotographe have bean 
taken 


S7JBN 

7ai.ll. 



Not*.— Tfie paotognplHi weta talmi br Steven* at the fl^flit jut 
fctaced tow 

Aerial idiotegiaphy has latterty made great atride* in oonntriaa mote 
advanced in aviatkm. We have come acnea a notable tnatance of a veiy 
dtetant(d)|ect lying homnd the fartheat range of viaton having been photo* 
ffcaphed from ^ air. Fhotographa recently taken by an American Army 
dBcerfromanaeroplanedyingataheig^of 17.000 ft revealed a mountain 
over 200 mfiee away. The aignificanoe of tbia Ihct will be better realized 
when we point out that the horizon diatance which one would co mm and at 
thia he^t fa about 100 milea. while the mountain lay milea fariher. 


(9) ‘Halt! Beware! ’ warns the mysterious Voice again.— 

* jRoo/* of the Tropo^here, or End of the 
Storm-bearing Area, the first or lower 
layer of the Earth’s Atmosphare 

Note.— The air pressure here would be atfrat 1/Sth of that at sea levd. 


} 3^280 ft* 
7m.2f. 



CHAPTER Vn 

Into Eavtii’s Atmosidiere : The Tn^K^use 

As stated at the banning of Chapter III, the Tin^io* 
pause is the boundary r^on between the Tropomhere atid 
the Stratosphere. Qouds are not usually foul) in this 
r^on except in tropical latitudes. 

(1) World's first penetration of the Tro-'l 
ixmauM in Aeroplane Solo Flights, as K 
’officially’ recognized |7in.7f.roydfc 

. Note. — ^Tbe jGennan airman, Willy Nenenhcrfer, reached 
this height on 28th May 1929. Tte temperatnre recorded at the 
top of the fligdit was aboot —55P C. ( -67** F. ). There are a 
few earlimr instances where airmen have been reported to have 
flown pest the ' RoOf * of the Troposphere, bat their records were 
either not referred to or were disallowed by the F6d6ration Inter- 
nationale Adrtmanttqne. For an aviation or aeronantical record 
to acquire the states of a word-record, it is necessary that it should 
be confirmed by this body or by an Aero Club or similar other in- 
stitution which is a member of it. Records so ratified are known 
as 'official', and those either not referred for recognition ot 
achieved without strict compliance with the rules of the Fdddra- 
tion, are called ' ixm-official ’. Neuephofer’s record was duly con- 
firmed by this body. 


* Some PerOoent Queries : 


( i ) Is an airman at this altitude safe everywhere from anti- 
asfptait artillety attack 7 

( ii ) Is there any artificial ligffit in the world that can spot an 
aett^dane at such a heigffit in clepr weather on a dark 
night and hold it in its beam ? 


(2) Vertical H^httowhich^ellscan be fired I 
by America^ Anti-aircraft Artillery Gun } 


42jmH. 



" is a guiti ci 3-iiidli caHb^ wcii^i&g 6^ 8 tens 

15>!bi didls. It can fin 25 thoia a ttinoti^ da be 
swosg rottndtfatoiigh 360* and has a horizontal range of 60i000 ft 
It Ips ad average devatkm range of 75* whicbi to onr knowledge, 
ia tie l^hest angle of devation at whidt an artiUe^ gon has been 
so far dedgned to fire. At an emergency die gnn can be rushed 
ikmn piaoe to place at a speed of 40 miles an hour. It has been 
adopted as the standard equipment by the Aoti>Aircraft Seetku 
of the Ua^Pi StatM Ordna^ Deqprtment, which now owns a 
number Of batteries of these guns. It is claimed that tiiis new*^ 
gun refwesents the hicdi* water mark in the field of artillery moderni- 
zatknu 

• It may be mentioned that, at a vertical fir^ a shdl does not 
travel tfarooghont in a straight line. Owing to the action of 
gravity, it gradually leaves its strait course and begins to travel 
in a parabolic curve. The greatest height above ground reached 
in the course of its flight is called the * wsrtical height ^ attained by it, 
wfak^ in the case of this new American gun, is stated to be 42,000 
ft. The actual distance in a straight line, covered by Its shell at 
a vertuad fir^ represents the hypotenuse of a right-angled trian^ 
havii« for mw of its other sides die line of perpendicular height 
readied 1^ the shell, and will be fonnd by trigmiometrical calcn- 
ladmi to te 43,481 ft 

France las designed an anthaircraft gun which can fire diells 
to a vertical height oi 12 km. ( 39,370 ft ■■ 7 m. 3 f. 115 yds.), 
and initial tests carried, (Hit at Toulon early in 1932 were found 
sadsfoctory. - ' * . 

An anti-aiteraft gnn has to face a spedal proUem in jiitting an 
as its target is moving in three dimendons. A enrved 
tn#h»y has to be eliminated as far aa poawUe. These weopems 
deagned to have a fiat taiieetcsy, or radier one with 
fibe md ’possitde curvatnte, faeddea a hkd> nmzzfo vdocity. 

3 and 4-incb guns are now ocwtroHed by an anti-djfcraft director, 

a ddkStte multiple instmoirat consisting of a number of co- 
ordinated inatnuneifts and extremely com|dez in operation. Ot» 
part of it is a range-finder, which eatblas the gunner to ascert^ 
with aecuMf^ dm aldtn^ of an aeroplaae in fil^ Pde hei^^ 
recorded) uolkM part of the inattiBiWBt loealea On tafg>t 



calmly speed and also foretbUs Hs locatbo «| 

^ jindW: riieU is tinted te bmat oa attdlntng 

caicnlated height at a pre-detennioed point in the air. 

Basides.tbe batteries of 3*inch kuid goos, America’s nays^axm 
includes anti-airciaft naval guns nf the most modem t^^ Her 
latest 32|000*ton Super-electric Dreadnaughts, capalde of attaining 
a maximum speed of 20h knotSt are armed with powmifnl guast 
operated electrically! urhich can be elevated to a high ancde 
fire 5-indi shells at hostile aeroplanes or balloons flytMi oy« the 
oceaSi up to a height of 4 miles straight up. Tbe^ mammoth 
battleships are also fitted with aeroplane catapults, which would 
enable fast and powerful bombing aircraft to leave the vessels at a 
moment’s notice and give battle to enemy aerc^lanes flying 
high above. 

• Brides special artillery guns, other powerful anti-aircraft wea- 
pons — or rather devices — have been manufactured in recent yeat% 
VIS., searchli^ts of extraosdinary candle-power. 

, A searchlight is an electric arc lamp furnished wifii sgiedal 
contrivances to throw the light in any required direction. The 
covery of the dectric arc is doe to the great scientist. Sir Humdirey 
Davy, the inventor of the safety-lamp for coal-miners. In the 
searchlight, the light of the arc is focussed by a reflector and projec- 
ted as a bundle of parallel rays of high intensity, the illuminating 
power increasing with the size of the projector. 

America has a battery d anti-aircraft searchlights of 1 billion and 
1,400 millkm candle-power r^pectively, which are operated by eteo- 
tricity. The former can throw a * beam to^ distance of 35 miles 
snd it i%said that, 10 miles away from the ^sonste <rf any d its 
beams, a newspaper can be read by its light, and that near the source 
its blue-white ray has the same intensity as the noon-day sunl Be- 
si(ks these, America is installing a still more powerful»sea|^ight 
tiered by the New York inventor, Sperry. It is of 2 billion eamdte- 
power, andTia meant for use in prawe time as an aerial beaom for 
aviators during ni^t-fiights. Its light at the source is expected to 
be so dazzling as to exceed the intensity of nfldday sunlight bsf over 
10 per cent. It will revdve at the top of a tower which projects 
125 ft above die roof of a skyscraper standing on a lake-frcmt ha 
Cbicago. It is chdmed that this seardilijdtt is capaUs (rf th|^K^ 
■ 26 ' ■ 



m 


wmaamu cmtvMttB 


«B d|ir ni^ts a boam to a distance of 500 miles. wbJob will sweep 
bi a Imge circle tondung one-fotirtii of the total nombwr of States 
ht tiw Union. 

France tes a gigantic seardUi^dit of 3i billion candle-power. Its 
beams of %fat flash messages in code^ to gnide aviators at night It 
is controlled by ladia The radio control, a wireless apparatus, is 
miles away from the lamp and operates a diutter so that the code 
messages are transmitted in Bashes of light The lamp can be elevated 
op to an an(B^ of 90" for operations against hostile aircraft 

A Britudb firm of electrical engineers has constructed two mam- 
mdh seardrlights, each dT ik billion candle-power, to the ordar of a 
s m a l l Bdtie State, to be used for coastal as well as aerial defence. 
In order to increase the utility of the projector to tire utmost, spe- 
dal arrangements are provided for effecting control d its movementS| 
ehlwr locally or from a distance. The distant control is operated 
decttkally, and if necessary, the opera{or can be stationed miles 
away. ^ The light has an elevation angle of 90". These searchlights 
are of massive size, the apparatus being about 14 ft. in he^htand the 
projects approximately 7 ft in diameter. Each of them can throw 
a beam to a distance of 300 miles. The spread the beam, 
2 miles from the mirror, is 150ft When in action against an enemy 
naval squadron. Us tremendous range will be reduced by the earth’s 
corvature to .less than 20 miles. In operating against invading 
aircraft, its gigantic rays will sweep the skies with a powerfid blind- 
ing ^are. nntU the rauters are cai^ht in the deadly beams at what- 

ever bei^t they may be fiying.^ 

»■ . 

Powerful searchli^ts can direct anti-aircraft guns to their target 
attd(di^ so that the two different weapons can be broi^ht into 
adSoo simoltaneously. When, however, dense dou^s hang over the 
ssanU^t station, the usefuiness of both these weapons will clear- 
ly be Itmitad. 

(3) SGghest Altitude at which Instrumental') 

has been heard through a Radio > 42,a)0ft 
Receiving^ i 

Note.— A fan ordhestn playii^ on the earth was Bstmied to at 
glwAfadgbtby tlwbeiloonistmentkHMd toltemtbelow, the music coming 
bMker and loud on his radio. 



tOBflOVOMIIiS 
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(4) WorM’8 Unofficial Altitude Record for 
Balloon Solo Flights 


42470 ft » 
SoolTS;^ 


Note , 

The hdloooist was the <^erican flier, Captain Hawthorne 
Gtay, but his record was disallowed by the F£d6tation Internatio- 
nale ASronaotiqae, as owing to his balloon falling foster and foster 
be had to make a patachnte leap while 8,000 ft above groond. * For 
’ altitode record to be officially recognized, the whoAe fl^t atwild 
be achieved withoat resort to the patachnte. Gray a ««««yn id 
attempt to re-establii^ and, if possible, to beat bis own record, 
bat with fatal resolts. On the second occasion it was rlain^^ xji 
on his behalf that he had readied the same altitude as on the first, 
bnt this record too was disallowed, as he— or rather his body— was not 
lound to be in ' possession ’ of his instruments. These two agr«n ts 
were made in 1927. At this altitude, the temperature registered at 
the first fliidit was -55® C. t -67® F. ), and the air was found to be 
*5 times thinnmr than at sealevel. 

Bxperleoces at Hlgli Altitudes 

Away from his natural surroundings on earth, map is liable 
to four kinds of sickness : sea-sickness while at sea ; a^-sidcness 

I 

while flying at ordinary altitudes ; mountain-sickness at elevations 

10.000 to 20,000 ft. on mountain heights ; and ‘ altitude-sidcness * 

while scalii^ Mty peaks after 20,000 ft or while flying at an altitude 
exceeding this. . * 

Two •American airmen, on reaching an unofficial altitude ci 

39.000 ft, saw just below them the following interestii^ idienmne- 
Qon, says Poptddr Mechanics Ma&tzim of May 1929 

*Ice caves, ^iparently banging in festoons in the air, and dedced in ad 
the briOiant ooiotaa of the raiidiow, as the tiny ice particles brake up the 
sunlight whidi presented an awe-in^ting sight ’ 

This strange {ffienomenon is called a 'Mirage of die Upper Air 
One ci the airmen ^ved down the aeroplane* into these ice caves, 
nmoved a glove and stock his band out of the fuselage^ with the 
result that it was stai« in hundreds of places by tl|e minnte 
psrticfos. The other airman exposed one side of his foce 



^ 1)1^. At 

ttMNiqr is Mkl to have tbolEad deep ' exoipt lof ^ 

hsjl fire vdute tha sra 

la tiie dtin and rarefied air at soch an altitude, die dry a^Mars 
magnificent in die depth (tf its colonriog owing to the 
of dimt particles. The balloonist. Gray, describes its colour m 
: ' a deeiv almost cobalt, blue 

In the course of h» remarkable ascent. Gray found it nscessaffy 
to l^ten b& bi^oon. Amom; other things he dropped, attached to 
a special parachute, a steel cylinder oxygen weighing 25 lbs. In 
dm rarefied air and owing to being weakened by the inhalatUn 
of oxygon for some time, he found the cylinder so heavy as to seem 
to weicdi at least 150 lbs. as he struggled to lift it over die rim of the 
balfaxm'badcet 

As, during his descent, the balloon was falling foster and fasten 
Gray similarly dropped (attached to parachutes) some more 
coQ^teii cylinifers to lighten the balloon still further. He found that 
his balloon was fallii% much foster than the cylinders were 
descending, so that he was struck with wonder at the apparent sight' 
of the cylindm soaring upward instead cA falling as his balloon 
dashed past Added to this singular illusion was the spectacle, fami- 
liar Wairmen, of the earth appearing to rise higher mid higher 
to meto him instead of bis going down and down 1 

We mmi quote here as an instance of Kalidasa’s vivid and pene- 
trating imacdaation, a few lines from Monier Williams’ translation 
of die poet’s immortal drama, Shakunlala. In Act VIT, Verse S, 
King Dushyanta, as he descends from heaven in India’s car, 
and approach^ the earth, describes his experience to the charioteer, 

li^i ' 



'Bow wonderful iatbeappearancerd the earth as we mpklly descendl 
. Stnpriidoiis prospect I Yonder lofty hills 
Do eadden ly oprear their towering heads 
Amid tils whfls from benetoh their otests 
The ground receding sinks ; the trees, whose ttem 
S mmed lately hid within their leafy tresMi, 

Rise toto^devatioa, and disiday . 

Tfadr hranching riioalden : yonto atreams, whose waters, 

!A» aBytoy direada, but now were aearo^ aeen^ 

Grow Into mighbr rivers ; fol ito « 


l y i tor d jtaiyfol ^ semjitmSe 



< Nflirif aU tto Wrtimtion 

Scfwioe of SeptamW ), 

1. Tto Mctittxw cold of high altitodos caasea gr^ pllirajeal 
dkoomfort 

^ Tto fliwr is bocned Iqr the sun's nltra-violet txfs tmless be 
coats bis hands and face with grease. 

3. Respiiation becomes difficult as the lungs fail tojunoticni 

normally. • 

4. The beating of the heart at times becomes anffiU^ the 

hands and lips become blue, the breath freezes, and the 
moisture in (he eat'drums and eyes has bean knoang. t%. 
freeze causing intense pain therein and temporary deal' 
ness and blindness. ^ 

5. The slightest exertion causes acute distress, ,and ttie iaca 

requires the exercise of a strong will to make and read 
observations. 

' 6. If his oxygen gives out, it may mean disastcsr to Uie.Jlier. 

*The insidious thing about running out of oxygen is 
that there is no gasping for breath, no danger-signal to 
warn the pilot. The figures on his instmmentjidiali.' 
gradually grow blurred, the mind is wandering.’ He is*" 
overtaken by a terrible weariness, followed by nnoon- 
sckrasness, fhoneh there have been occasional instances . 
where toe airman has recovered consciousness in time 
to riitot his machine and make a safe landing. 

7. There is the ever-present sense of danger (rf the electric 

• ^>paratus, carried by the airman to l^p himself warn^ 
failing to act — whidi means death I 

8. ' An awe-inspiring spectacle down below — the earth, lying 

at a tremendous depth, seems to be swinauning in ita 
ooemi of eloads.’ 

Bqiilpnient and Outfit tor AJtitMie Flights 

ft^lowing particulars ato drawn partly from Poimhtr 
IHtobtoiios Bagitrine at Febtaai7«d928 and partly fr(|Ea 4e^ 
gf Octebw 1929, . 



^ M yn tflcoyjMBocni y td2i wotv Over 

4iw heavfa^ y ttiyerwair tkioU^ 
and ft H^ator ayfotmt and on top Of all fhOMa a flyii^ 
sniti ieatiiar on the (Mitskle and f^ndew<&wn ddn on the 
ia^de» with two thicknesses ol heavy wooUra Uanket' 
dodi between. His flying clothes alone wdgbed 57 lbs. 
2> Spedal Gogsedes snth doable glasses for each qre-{»ece 
separated by one*inch ait'Space which was wanned by 
an etoctric heatar to prev^t flie formation of frost on 
thaglass pieces. Frost on the glass woald completely 
obscatf the airman’s vision, and hence titis precantion. 

3. Leather Faoe>HeImet lined with fur. 

% " ’t>pgen Mask — attached to the helmet. 

5. Panchnte l^mess. 

■t '■ » • • 

6. Canister strapped to the chest, containing electric oxygen 

heater. , 

7. For 'lined Gloves kept warm by an electric heater. 

.pfijf FleeoS'lined Leather Moccasins for the feet. 

A yeritahle climbing apparatos I 

® World's Altitude Record for Aero- ) 43^978 ft = 

plane ^lo nights J Sm-Sf. issyds. 

Note 

TMs ndtkd was established in September 1932 by Capt 
Cyril Uwtns, a war-time pilot in the British Air Force and 
now diief test f^t to the Bristol Aeroplanes Company. His 
noadhiae, a Vickers Vespa biplane, was<five years old, and be used 
a 550 horse-power Bristol Pegasus engine. Fn»n the Bristol aero- 
diQiae he climbed steadily for over two boors, and be eventually 
landed in a ploughed field near Evesham. Narriting his experi- 
;aieii^'']ie said 

* When 1 resdied 40,000 ft, I was stoprised to find coiditioas 
isiher bompy. At such heiglits the sir ki genotalhr bdieved to be 
: imesth. For nearly an hoar 1 was flying In a kfogdom d intone 
c nMne ss, sittliigin the open cockpit occigoing mysdfl with breathing 
from iaruaygsasuniiy. . , » . . , I intended to land at 
‘tnit fa the heavy base I bsaringt . . . . ®bdng coedit^ 

veem ad fso^ and I was idyiiig mtfrfdht on my thiypen sup^ 

Tlw inae^M|.babil^ paifa^/ ^ 


tfiB XBOPOjPAtWI 

tto tMDperat^ ngkttnd at the peek of the fl^t was-7^P. 
( - S7*8P C. ). His rsoord has been oonfinaed bcnh by the Royal 
Aero Clnb and die F6d6ration Intema&niaki Adrooeathiiie, The 
ptevioas teoord was held by Lieut. Apdlo Soucek, a pilot in (he 
United States Naval Air Force, who attuned a height of 43,168 ft. 
in 1931. 

The holder of the altitude record for the time bdu« is spordn^y 
styled in American aviation circles as the * wearer of the 
crown’. This title of coarse £an only go to a flier who achieves 
the record in an open cockpit or balloon-basket, as an going 

op however high in a sealed chamber or car will not be fTpowd to 
the minute ice crystals of the upper atmosphere. 

It is worthy of note that Soucek and Uwins are so far the eifljf 
men who have Salmn a ' heavier-than-air ’ craft to a hwgh t beyond 
the range of the naost powerful anti-aircraft gun of the day. 

How fast would aVnan fall from a great height ? 

This sounds like a strange question, yet it has en gaged the 
serious attention of experts in countries where parachutes for 
airmen are designed and constructed. We shall reduce ool 
question to a specific problem of Dynamics, but put in a 
form ; — 

If a man fell from a height of 43,978 ft. aSove ground, bow 
long would it take for his body to reach the earth ? 

According to the well-known formula in Dynamics — S^aotim 
igtavifjix titm?, it would, take Sti seconds if we left out of 
account t^ resistance of the air. The initial speed ot a falling body, 
f>e., its speed fmr the first second, is 16*1 ft. The velocity increases 
in each successive second owing to the actkm of gravity. Sxperi- 
ments have shown that this rate of increase is 32*2 ft. per second^ 
so that the speed of the body during the 52nd second of its fall, 
assuming tIAt It bas been falling ftom a great hei^^ will be 
1.658 ft. 

In this connection, the results of careful &periments made by 
the Uifited States Navy’s Burean’^ Aeronantics make intweeting 
■reading. Two articles appearrfi in Popular Sdettce Months of 
September 1928 and Bfbty 1929 tfjSpectively. In the coarse of a^ht* 



wbid| tibiv b«irt 

Ibe sha^ o^inrao^^ of 0 m«% con^iOg flans 

igr vliich their fltiU could to observed from the ffcoondt were dropped 
fipom an aeroplaae flyiog faic^ A camera set up on flis ground, 
which had a shutter that winked at OQe>aeoond intervalst tbcflr photo- 
gnqto of the dominies in (he course of their fialL Thi^ lynMd ooold 
flius be measured by the length of the streak of ii|^ im die {ricttuw 
after eai^ second. The tests showed that the dummies, after falling 
lUioot ft, did not continue thiix hdlfoy &ster. Tto extdana- 
tion i^ven is that air resistance prevento further increase in speed 
after this point is reached. Speakini in general terms, a body after 
faUhig abrat 1,600 ft would reach iiieniaximam speed or terminal 
Modty of 100 to 120 miles an hour — only about ^c» half of the 
npeed calculated with the resistance of air left out .of account Tl^ 
writer of the second article goes so for as to remark that the pilot of 
this aen>{dane has helped to revise the of gravity so for as its 
practical applicatkm is concerned I 

Mr. Charles Dixon, an ex-observer in the British Royal iUf 
Fonns, in his book. Parachute for Airmen, says that die highest 
^eed whkh a man attains during a foil never exceeds 250 miles an 
Ihpur, a rate whidh, by the way Vould at the worst bring water to 
'^ dfo^^eyes if gogi^es are not worn, while it would notafiect the 
" inreadiiag.’ The terminal velocity of a falling body will therriore, 
according to Dixon, be reached after a foil about %320 ft 
covered in 12 seconds. 

’Back, bade IDeatb waits ahead Pydls a Stentorian 

Voice.— 

' Point at which the air pressure becomes 
so low that, as altitude fliers describe 
it, the muscles of the body can no longdir 
to operate the lungs, so tmit 
ft man who took in a breath of oxygen 
could not exert enough muscular action 
to lixpd it and would die 

• Not* 

flIdgMs‘HS ol June 1928 appeues ll)* 
foiksn^jaqitogdto Iv a med^ 

^ a jPMB oonditioos It wii^ an alit^ 




<m>ilfad aaOi oaiwBto. mAr i »Mnntf 
dKittrtittn (Ma t SoiDOTrt^ beiaffB^d|ilMrt 
nuj^ag aoBcnffliig to the tmpenfttili!% ^ baiometiic 

praiitttftt tolOOmin. ot in o&tee mttds, the ab 

wiB aivport tiie weight of only ^ n0l fraction of aa hidi of 
mereiffy. ..... From tide attnosplattic^essiice most be deducted 
47 nun. of water-Vi^our. whhdt aedimulates in the buq^ied tdr 
befidie it leadieetiie lungs. This leaves 53 mm. possible aveilatdeoxy- 
gen pressure if pute,oxygen could be breathed. K amanwasbreathhtg 
absolntety pure oxM^, thja would be sufficient to snstidn hfe. but 
under no prMent j^ffia^ method of taking oxygen, eithtt through 
a tnbe or a mask, fGhisi Ibe oXj^en remain undiluted. It does 
become ffiluted by the g^qlln in the air. Also, under the effects of 
the d imini ahiog p te aaiB ii ^ ttBgen is given off by the bk)od, as in 
caiaaon disease, whidr%ttacks workers digging deep foundatisdik 
Thia nftrogen from the Mood still further dilute the air. if the 
oxygen pt^bure could be kept up to about S3 mm., it stffi would be 
necessary to maintain the carbon-dioxide laressure.’ 

We shall now give a dearer idea, from the view-point of matiie* 

' matical physics alone, of the extent of reduction in the air ptesmite 
at an altitude like 45,000 ft The barometer here will read about 
100 mm. car 4 inches, against 760 mm. or 29-92 inches at sea level. 
The weight dacubic foot of air at a given level is ascertaiopd. 
by the formula : v 

1-32S3 X Barometer Reading in inches 

Weight (in lbs. ) = 4 ^ -f temperature of Air in Fate. 

Suppose the idr temperature at a given moment, say, at the seaptet 
of Bombay, is 78P F. The weight of a cubic foot of air here will be 
‘07375 lb., and the wekdif of all the air in a room 12 ft. 8 in. kmg, 
10 ft. broad and 12 ft high, will be 7 cwt., a result, incidentally, 
which shows thdt, in spite of the familiar phrase ‘light as air’, this 
fluid tem appredabte weight If, however^ the aif in tills toMn 
were entirely repkicad by hydrogen, the lightest ot all elements and 
gases, the total wd^t ol the gas in the room wmild be only 7 16s,, 
or again, if h^um gas were substituted, its total weight would 
amount to fff-d 26s. Let os now suppose tiiai an aen^lane havkiig 
A caUnof the ttiiove cBmensions with aoonpje of open window^ Is 
^AkRi^ of 41^000 ft The temperature tiMn v^^^^^b^^^ 

®^t“7(f #*i ilie of tiM ah in tiiis cato will tiion wdisdt dnhr 
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!«» X 4 .. 

^ - y X 10 X la - 2(h7it$. 

In other word8» t&to atr at ilie high level would press opoo the body 
of a person in the caUn with a wd^t less timn a fifth of what 
ft was at the starting-fdaoe, and this pressure wtaild be only 1<23 
times greater than if fiie caldn contained helium instead of idr. The 
reiafion between altitude and atmospheric pressure, as will be 
noticed fircmi the above formula, depends to a 0 (»i 8 iderable extent on 
the temperature of the air. „ 

How does an aetofdane behave at its *odling', tint is, the top 
limit of its fl^t ? It wallows with its wings and propellw, 
slipfung throng the highly rarefied air, unable to *take bcdd’. Even 
a balloon, as large as the one used by Gray which was buoyed op 
by 80,000 c. ft of hydrogen, behaves little better.^ Beftxe it can 
leadi the *ceiiing’, where the outside air is very consideraUy 
thiimer, it refuses to carry the pilot's^ weiedit any hi^ier. The 
American Army Experimental Labcnato^ had therefore designed 
and built an air-tight metal balloon car for Gray, but he never 
used it, as he considered it to be more ^mgerons than exposure 
in an op«t basket. He pointed out that, while the air-ti^t car 
would keep him in air at ground-level atmospheric pressure dniing 
>a filtdat, ft would make it impossible for him to leave the ballocm for 
a paiachute jump in an emergency. The sadden translation from 
ground-level pressure to the highly rarefied air of the upper regions 
would be ahr^ instantly fotal, the body literally Mowing up from 
the pressure witiiin iti , 

But dare-devil pilgrims like os who are bent upon gdng higher 
stiU and hi^wr’, will take all risks, change here into sod a car, 
lumbh witix large glass windows its sides as well a^oor and ceiling, 
and p rocee d , dgfgnte the menacing Vcxcn firom the Sky I Let us hope 
tiiem will betm more need for warnings from this aouroe test some 
mendiers of the party should be disheartened I 

(7) * Halt, halt ! Would ye break yourheada ? ’thunder- 
ed the Vofce.— 

’/?<Mro(theTrop(9ause,orEiidof ) 46^ft» 
the Boundary Re^n between the two f sok4 
layers of the Earth’s AtnxMphore ) 



fatfBOfOTMmB jQl 

tcnpentim here wBl b«i, m ttMid abow^ ■bout -»»F. 

That 8 voioe firoos tbe dey la tbete dqn naed not be quite an offspring 
of tbeiinagiaatioaiaBhowa by tbe report that a device to aoon to be need 
In anpiamiing trfl>d riatage In Iraq and the Indton Ftontfer by ttoe nonater 
Vidtora>M^torbooibiiigaeRqilaneaof the Royal Air Foceok iddcb wB be 
equipped wttfa mieropbonee; amplifiere and loud>epeakeiai The 
to add to be Ctopofale of ampUfyii^ the hunum voice more a 
tinieB I The crev« i mt ead of etraight away dropping bombe on the vB^ee^ 

wB first utter into the mieroidwnes warnings and threats which wB emerge 

jtma the toad-speakers as an aweinspiring, booming vdce from the ai^f 
In these (mentions it to proposed to uu this novel device from the m«itt 
of deads at a height of a few thousand feet 

In dvil aviation, too» a voice from the sky is not nnf«mm«r in 
which are Uiddy advanced in aviation. Powerful loud-q>eakers carried in 
aeroplanes are being used for what to known as ‘aky-shoutii^— the ahoutiiv 
«f advertisementa»In England prohiU tion of this practioe is now recommend- 
ed by the House of Commons Select Committee on *Sky-wtitiai^— bhe 
proietdon of lantern elideeoi} to the sky. 



CHAPTER Vin 

The Earth’s Atmosphere : The Stratosphere 

This is the second or upper layer of the Earth's Atmos- 
phere. Unlike the Troposphere jt is free from storms and 
fogs. The information available about this region and the 
rest of the Atmosphere above is incomplete, and in 
some cas^ the r^ults of observations as announced are far 
irw omdusive. In fact, these upper regions of the air are 
bring continuously explored and, as a result, scientists from 
time to time bring forward new theories modifying and 
occarionally even ovm*throwing previous ones. Sometimes 
conflicting theories are put forward by scientists differing 
anxmg themselv^. These are foctors which make it. 
diflSoilt for any but scientists of high attainments to 
acc^t one theory in preference to another. We must 
consequently deal with these regions of the Atmosphere 
with caution. 

One may wonder how it is that, while scientists have 
explored regions far away in the profundities of space—the 
Solar, Stellar and Nebular Systems— to a fairly wide extent, 
such a comparatively low region as the Upper Atmosphere 
has not yet completely yieldled to research. Modem instru- 
ments like the spectroscope, the telescope, the micrometer, 
tUte the interferometer, the radiometer 

and the thermocouple have enabled physicists and astro- 
mmiers to wrest many valuable secrets out of these systems. 
j|^ic||i of our knowledge of the Upper Atmo^here is 
deriv^ from observations taken by means of' sounding 
baUoonf equiinped with seif-registering instruments, but 
these contrivances Have a 'ceiling' very far below the top 
of the whole Atmosphere. Consequently our knowledge of 
the constitiit^ ai^ phyrical proper^ of its uppes: reipons 

Is iqcomplete. §uch knowledge as has been g^ecl la 
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result of observatioiis frcna the earth of shooting stars^ 
aurora etc. There are certain irfitenwnena like cosmic 
radiation^ for i n sta nc e, which cannot be thoroughly studied 
with tlm hdp of the automatic recording instnunoota 
availaUe to-day. 


(» 


World^s Altitude Record for auto- 
matic transmission of Wireless 
Signals 


Over 16 km. or 
aM93 ft. 


Note.— Ouxing the craise of tift famous German Airship GnfZ^ptlbi 
is the Arctic resions in 1931, four miniatuie baUoons of a special tppe fB* 
vented by Out Russiaa scientist Protesaor P, A. MoltschanoS of the Asio> 
pbyrieU Oboervatory at Leidnwrad, and equipped with automatic meteoro- 
lo^cal inatmmenta and small radio-transmitters, were rdeased ftom a 
special compartment built into the airship, and these transndtters idsoaOed 
tegiperaton and hupiidiUr values obtained from different altitudes. Three 
of the balloons attained b^hts of over 16 km., and it was found that at 
about 80‘* N. lat the temperature in the Stratoqthere at tiw M ghaf attitude 
reached was -50^ C (-^F.).* Ihe air pressure at such an altitode would 
bp about 1/lOth of that at aea level. 


(2) Highest Tropical Cirrus Qouds ... lo mOes 


0 ) World’s Altitude Record for "J 16,700 metres*: 
Balloon carrying two men in a V 54,790 ft or 
sealed gondola J ioin.3t3yda. 


Note 

Ihe aeronauts were Professor Augnste Piccard, the fomous 
Swiss physicist and meteofologist, *and his assistant Dr. Max 
Cosyns, who reached the above mentioned altitude in the Professor’s 
second ascent to the Stratosphere on 18th August 1932 from Zurkdi 
in Switzerland. • w'* 

In his first ascent made in May 1931 from Aagsbdrg (Bavariidi 
Piccard was {uxompanied by Dr. Kipfer. The halkwh measnred 184 
from to bottom. Taking a 10 hoars’ S0K>ly of oimen for 
a voyage estimated to last 7 hours, the two men Imrmati- 
sealed thmnselvM in an aluminium which was fittsd to 
^ balloon. The bterioc was maintained at gronnd-le''el atmospborie 
VteeavKe. The was designed apfpaxe&Uy in nuuh the same 

Why as dip Anjerfogn Army Expwiuwutiil laboratory did it» to^ 
1 



1^4 

IttfibeaeirfiirtlMaaeofGtay wbo^ M aM&tiooed in &• imvioaa 
dnyitier* never availed himaeU of i^ feeling tiiat it was more danier* 
CMS dian esposore in an open basket Piccard carried time pan- 
dmteSt two for releasing meteorcdagicai instmments and tiie third to 
be fixed to the gondola to bring its oocnpants back to eartiu The 
object of the ascent was to take meteorological observations of the 
npper air and to cany ont an exidoration of cosmic rays. The 
anonants had an adventoroas landing. Early in the meaning following 
tiieir ascent an innkeeper oi the village of Gurgl, who saw in tiie dear 
weatiim a balloon lying on the Oetzel Alps in the Aostrian Tyid, 
hastened to the spot with a rescue party and found the occupants 
alive. After attaining a height of nearly 10 km., they had come 
down and aliedited smoothly the previous night on the Gnrgi Glacin. 
The exact altitude reached by them, as subsequently announced 
officially by the Swiss Aeronautical Federation, hms 15,781 metAs 
(51,774 ft). At this point the pressure was found to be 1/lOth of 
tiiat at sea leveL While ooa side of *the balloon was kept very 
warm timmgfaont, the other was exposed to the cold oi tiie Stratos- 
phere. The lowest tmnperatore recorded was -fiO*’ C. ( - 76** F. ), 
while within the gondola the thermometer showed 41** C above 
xero (106* F.) as the Uack paint of the former absorbed omaeideta- 
Me beat from the son. 

Professor A. M. Low, the British scientist, made smne important 
remarks in connection with this ascent He thooght it would be 
poesiide to reach even double the height, thougdi a odoesal balloon 
would, be required for the po^xise. Although for scientific purposes 
a gnat deal could be achieved between the heights irf 10 and 20 
miles by the use of self -registering instruments witiiont eadamfering 
bnman Ufe^t would not be posrible to record antcmiatically some of 
tiie obsmrvjKons which Piccard wanted to make,* as the necessary 
ioetniments had yet to be nvolved. Spectroscoinc and othor obsa- 
vatitms taken on the earth were affect^ by the smeto and fog d 
the lomr atanosidiere. Piccard cemstders that t^mrvations from 
the Strato^phem may be of the highest value to astronomy if d» 
osci UBH o ns of the bculoon in which the astronomer goes npean be 
prevented. 

The na m es of Pfocatd and KIpfer will go down in the histoiy of 
tMTial navigation ae ti» first mmi to reedi and sail in ttie Stiatos{Aer«' 

• l 



Piccard bwt Ida oiira eBoor^ r-^ 

Hied tids tinta was^ a porifade 

tlie occ B pan te conld pot oot his head op to altitodes where it.wae nd: 
(]angBtooa to do so. They carried soffident oxygen to hst 36 hov^ 


an atnple food sopply, chiefly fruits, two paiachotes, M sutisv of 
delicate tndewological instrunients, a wireless equipment and 1,506 
lbs. of powdnred lead as ballast for it. 40,000 people assmnlded at 


the Dubendorf aerodrome near Zurich at sunrise to witness 
this remarkable ascent An aeroplane took off shortly before the 
t^tUoon in order to film it but was soon outdistanced by the balloon 
which rapidly and disappeared from the view. Wireless mesSa? 
ges fnnn the Professor kept the expectant world informed of his 
progress in the upper regions, and near midday he reported that 
he bad crossed the Upper Engadine valley in Switzerland at an 
altitude (ff 16,000*metres ( 54,134 ft ), that all was well, thiU it was 
very odd up there and that he would soon descend so as to avmd 
the risk of coming down in the Adriatic Sea. The balloon eventmdly 
landed on a wheat*field near Desenzano on Lake Garda in Italy 
after a further climb some 700 metres. The aeronauts narrowly 
escaped death when the balloon landed. The Italian peasants cd 
the place, apparently misunderstanding the Professor’s instmctioiw 
given in French, instead of lashing the mooring ropes to trees, 
relinquished tbmn with the result that the balloon at once diot up to 
a height of 150 feet and then crashed down, and the envek^ was 
damaged. Only the wicker helmets worn by the occupants saved 
their lives. They nearly fainted on landing owing to the sadden 
change from the high altitudf cold to the sweltering heat'd the ItaUan 
summer,, but soon recover^. The temperature registered at flie 
highest pdnt reached was -36° C. (-32-8° F. ). Tl» ancooaats bad 
renuuned 12 bouss in the mr and travelled a distance ;|||| about 100 

““la** 


Pfocard expressed great satisfaction with the fli^t. The dmqe* 
phwic vimbSlity was perfect throughout. Even at the top^d thw 
lli^t they could see (be earth clearly. Minor details d coutse w^ 
blurted in the landsct^ but they could distufotly make out naaM^ 
tains, lakes and . forests, and they could see both the Adriatic a^ 
^MBditertaDsan. The Professor . expects that tbescientiffo^Btid|s 
obtained wll prove to be d great value. He oonfixmed tho c4|[i^ 
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nmdetayottiarplirri^^ ooaoile wg» baetmm it 
fa*»w>i* y widi ahitode altar a few titoasaad feet* ao^ atatad thu 
finals he oooM fed tibem beaUng on ttw soifeoe of tlM baUooD and 
tha gondola like rain I Piccard contemidates making his next ascent 
from Hodsmi Bay in Canada, near the Maenidic Pole (whidi lies 
several degrees lower thaw fee geogn^shical Pde), with the object 
of stodying the inflnenoe of c<Mmic rays. He exixessed his belid 
that cosmic radiatioe was directly related to csmcer. 

In hfe second venture Piccard flew in two Stratosidietea, bat it 
can be claimed that in his first ascent he sailed m one more I Lest 
aqy extravagant idea of his achievraients ahoold be formed from 
this somewhat cryptic remark, we hasten to explain its meaning. 
The second flight covered two territories in the skies, the 'Swiss 
Stratosphere* and the 'Italian Stratosphere’, while the first covered 
three — the 'Gernum Stratosphere*, the 'Anstrian Stratosphere' 
and the 'Italian Stratosphere* — strange, anfamiliar terms peihaps I 
Bat the castodians of International Air l^w, for whom we have the 
highest respect, have drawn maps parcelling ont aerial regions 
amongst the various powera'-Grea^ Middling and Small — ^fromthe 
base oS the Troposphere np to possibly the fertbest limits, if at all 
there are any, of the earth’s gravitational putt ( as understood in 
fdiyrics and not in any sense of attractimi or hanger lot land or 
territory) I 

In Germany the Jankers Aerofdane Company has completed the 
' eonstroction of a Stratosidiere mom^lane designed by Herr Asmos 
. Bfenaen, an inventor and one of the most skilled and experienced 
altitade fliers in Eorope. It fs said tbat it will riioot throasdi tl>e 
rarefied upper air like a rocket and fly at a height of 10 miles or 
more^ wbenaibe absence of doods, drifting winds, storms, rain, iight- 
nitife fog; «iow or sleet and the crystal clearness* of the air would 
wiable an aeropiaoe to fly in considembly greater safety and the 
feeble rw^tanoe of the air would fedlitate fl^ts at tremendoas 
sp ee de^ At endi aheight the air is about tmi times less'dense than at 
fee mtfmas of the earth, and ocmsequMitly bofe fee driving pow« 
teq^rad and atmoqtfieric redstanoe am as maiqr times lesSf and in 
spite of fee intense cold no ice is formed and depodted on the aerO' 
ifeuw owing to fee fosignificant guanfey of wafefvapour present 
fofee^pperak. Ttw wing^ and pcopdlem of fefe madiiiM ^ 



ocmilniiBMi tbqr r^ulUy I^lot can leog*^ 

^ aacfssary and thus increase tte ’pl^s *^p* and 

mainbua its bnojnuicy in the rarefied air. It has a wing span of 
92 feet and.is equipped with a Junkers Diesel engine of a new 
design burning crude oil. The motor is provided With powerful 
air compressors known as superchargers, to make up for tbs tarefao 
tion of the air necessary for carburation. The diminution in driving 
power will thus be made good. The ’plane weighs nlswly 4 tons. 
Its metal cabin, which will be electrically heated and l^hted, is an 
abaolotely air-tight chamber with double walls, with 5*inch space 
between, and double windows with panes capable of withstandii^ a 
temperature <rf -7^ C. ( -lOO^F. ) outside and plus 15'^ C. ( 60f*F.) 
inside. Straight psmes had been found to break under pressnra 
even after they had stood the temperature tests, and for this reason 
glass of a new and special manufacture is used. The chamber will 
be equipped with filters to absorb the moisture of the occupants’ 
breath. The interior will be kept at normal air pressure, and the 
occupants will use oxygen throughout. The ’plane will carry a fully 
equipped laboratory so that the scientists on board may carry out 
tests of the air and other scientific investigations in the upper 
atmosphere. It will carry also a short-wave transmitter and recei- 
ver, which will enable the pilot to communicate with the earth at 
all times. The machine is described as the world’s most marvellous 
aeroplane, and it is expected to fly at a speed of not less than 400 
miles an boor in the Stratosphere. 

France has not been less active. Mons. Henri Farman, bead of 
a famous French Aircraft firm, hal just completed a similar but 
smaller pionoplane to be used for a like purpose. It made a short 
trial flight recently. Its cabin is an air-tight duralipin, cylinder, 
shaped like a capsule, 80 indies in length and 40 inchea'in diameter. 
It has small portlmles like the one in Piccard’s gondola, throned 
which the pilot can pot out his head op to heights where it is not 
unsafe to so. After a certain height tiiey will be heipetically 
closed. The Farman 'Plane, unlike the Junkers machine, is’witbant 
windows. French cnrperts point out that, if &e double windows Of 
the German tna,^hiiM> should both break during its fl^t in the StiO* 
tospho^ It wQidd nman instantaneous death to the occnpants,: 
Furman nmdun^ it is sbited, may be Mb to ^velop the tieaWiMloieii 
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500 


kilM aa how flie ilifai teikv itf tiw Siwipnfyn. 


fo tiiis coBffecUon 1932 October number of Floutin' Soknce 


MtmOify makes the following interesting r«narka ^~- 

'At the latitude of PSria a ptaae gidng 500 m&es an hour could circle 
toe world in a single day. Because this is true, toe first pilot to 
head westward from the French capital at 500 mfies an hour literally 
wiD race with the sun. Because he will be g<ring fast munigh to 
drde the earth in iS4 hours, he will remain in a fixed portion in 
relation to the sun whOe the earth is ^dnning beneath him. If the 
Fannan plane heads west at tha^pace, its i^t, Ijiden Conpet, win 
be toe first man since Jotona to see toe sun stand still in toe sky 1 ’ 


Another machine, a huge monoplane with wings of variaUe area 
demgned bF an expert French engineer, is nearing comi^etion. Its 
mventor expects that it will be able to climb 10 miles in 40 minutes. 
It is reported that the preliminary tests of Germany’s pioneer 
Sttatosphere ‘Plane — or ‘Stiatoplane’ to use air aUneviated term 
adopted 1^ some writers — which has a theoretical speed of between 
300 and 400 miles an hour after reaching the rarefied air 6 miles up, 
have been satisfactory. Its first Eight is to be from Berlin to New 
York and is expected to be made in 12 hoars. 


America is reported to be engaged in building a similar machine. 
Great Britain does not want to lag behind in this new bid for supre- 
macy of the air, and accordii^ to report, plans are afoot for the 
oonstntcEon of a monstmr Stratopiane able to carry a large number 
of passengers. 

If these Stratoplanes prove successful, as is highly probable, they 
witt enable the world to add materially to its {nnsent stock of know- 
Isdgo of the upper atniositoer& • 

( 4 ) Height at which a Sounding Balloon' 
i« Tufted to have registered a 
temperature of -1^ F. (-9? C. ) ' 
over the equator 

NeCe<o«4oonding baliomis fifled with tordrogen are sent op at imptw* 
mat wsatow statioos to ascertain atmoaidieiic cmiditicniaL They carry sdf- 
ndoid^ toenoometm and barometera to great lwhd>ta and ultonatto 

bstat.^ A antoB parachute then biinga the inMnunenta gently back to earth 

and they are toateaftcr examined. In aome countries aa to India the imtru- 
meatoaretfed toride a protected bamboo frame or cage and m usi^ 
aami 9 to iito iNdhini witoom a pan^ta. Ihs raa ia t aae a of the air to 
|bndoim*tot4nKW<»sto of toe deflated bpilotei.actt to seute extent as a 


U mites 
(Ato. Sc. 

Sep. 1927) 




imkKlMl fw a paraehttte it ttiiilitiat M SoowB^ 

baltaJM ^tp® 4*^ toMtt of noUet awajr^ la datt cppcnrtt^ tf 4ia 
instniaienti oadied tijr them presents gimt difficidtjTv A ddloon rdeased 
tqr the Indian Meteoroiogiod Department at Poona in Attgutt 192% after 
bursting, descended at Girjutapjdli, a vilU^e 3 mUes from the town of 
Vflcarabad hi the Gnlburga District of the Nizam’s Dominion^ over 250 allies 
awior as Uie enm flies. 

(5) Height up to which the G)nsti-' 

tuents of the Air, with the excep- , i2| miles 

tion of water-vapour, are well *(E«<yrf.Biw2a29) 
mixed by winds add by diffusion. 

Note 

The aortnal components of dry air and the volume percentage ul 
which they usoally occur in it, according to Hnmphreys* Physics of 
the Air, as also the approximate atomic weights of the elements 


present, are ;~ 

Constltaeat 

Volame pefeen- 

Atomic Weight 

Nitrogen 

tege in dry air 

78-03 

14 

Oxygen 

20-94 

16 

Argon 

0-9423 

40 

Carbonic Acid Gas 0-03 

44 (molecular weight) 

Hydrogen 

0*01 

1 

Neon 

0*0018 

20 

Helium 

0*0005 

4 

Krypton 

0*0001 

83 

Qsone 

0*00006 

48 (mdecoiar weight) 

Xenon 

0*000009 

« 130 


Water-v%pour is present in the air generally to the extent of 1-2 
per cent which may increase to over four times as mucbj but it is 
almost absent in Extremely cold weather. Ozone is one and a half 
times as dense as oxygen, and carbonic acid gas about the same 
number of times heavier than air. The composition of air varies 
however, and the percentage of distribution of the constitumits do 
not stacictly depend on their atomic we^bts or densities. 0|i 

land surface, the composition is inflfienced by vegetatkn^ 
latitude and proximity to the sea. Altitmie too brings dxmt changes, 
bat the variatk^ are not very grmit at eleva^ms where bgeadiiiil 
>8 yet possiUe witboot the lud of oa^)rgen. 
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* 

Pr* R. PurtingtoB, Pralesnr ot Chemi^ «t tbe Uaivmity 
of XiOadra, states tiiat tiie atmosphen toads to settla down iato lay- 
on accocdiag to tbe heavioess of its constituent gases, so that, above 
a ho^ht of I2i mOes, the composition of the air would rapidly chai^ 
through tbe heavier particles tending to descend to the bottom and 
the l^htw particles to rise to the top. In the upper atmosphen, 
therefofe^ there would be consideraUy more hydrogen and helium 
tKan in the lower r^ions. 

The abovenamed ten gases along with water>vapour form the 
natural permanent constituents of pdre air, but tbe atmcnphere is 
always vitiated by the presence of what are called ' impurities’ such 
as bacteria and other mfcth-organisms, gases given off from factories 
and by tiia decay of organic matter or those generated by electrical 
phenomena like thunder-storms. 

(6) Greatest Height reached by a Gun > m 

Projectile { OverWmaes 

Note.'— Daring the Great War the Gerftians bombarded Paria from a 
distance ol 76 miles with long-range guns of special make firing 265-lb^ 
shells. This type of giant gun is since known as the * Big Bertha*. Accord- 
ing to Mens. Esnault-Pelterie, the famous French scientist, these shells had 
an initial velocity of 1,400 metres ( 4,593 ft. ) a second, and at a certain 
moment reached a height of over 18 miles. The long range was attained 
by ustog this high velocity and firing at an devation of 55^, so that the 
i^ells swiftly passed through the lower layer of dense air and reached the 
rarefied region of the atmosphere. The Ernycl Bk {1929} states, however, 
that the greatest height of the trajectory was 24 miles. 

(7) Indian Altitude Record fora Sound- ) so km. « 

ing Balloon • ) is-TSmiics 

Note.— This height was reached by a balloon sent up at Agra by the 
Meteorological Department in March 1931. 

Two important records of the temperatures regisipred at great alti- 
tudes by sounding balloons sent up by the Department at its head-quarters 
at Poona are before us. One sent up on lith May 1930 attained an altitude 
of 17-2 km. (lO-TS miles) and another sent up on 19th August 1930 of 26-6 km. 
(1642S iK^tes). The temperature registered at the latter height* was -53-8“ C. 
(-64-8^F.) and at the former height as low as- 90” C (-130”F.). 

(8) Indian AJtitude Record for a Pilot I 32 km.== 

Balloon j 

Note.— TUs bright was reached by a pilot balloon sem up at Ahmeda- 
bed by tbeMeteoroioi^cal Department in bfarrii 1931. P3ot baSoons (;arry hO 






Botb aouiidiiig aad pilot balloons are comporativi^ amaB objects and 
gte, of coarse, unmanned. 


(0) World's Altitude Record for a 
Scmnding Balloon 


} 3S*0eimi.a> 

21 m. 7f.88 yds. 
CHkm^Ow) . 


Note.— Aooording to Popular Setenet Monthly of 1927, vbicii 

gives the height in round figures (22 miles), this was teadhed bjt 
a sounding balloon sent op in Germlny. The temperature registered at tbia 
bdght was -52* C. ( - 62® F. ) — {Negrtia & Zanbra). In MaiiWit w « G^ai' 
PracHed Physics is given the previous record of 21-8 miles, this Wgh* having 
been attained by a litde balloon sent up on 7tb December 1911 at FsviaV 
in Italy. • 


, (10) World's Altitude Record for a man- 
made device— a Pilot BaUoon 

(11) Lowest Heieht at which Fireballs or) 

Glowing Meteors disappear in their f 20-30 mUes 
fall J 

Note 


1 39 km. a 

)• 24ni.3f. ; 

j ( Humderdfs Y 


The Sanskrit name for a Meteor or Shooting Star is Ulka or 
rnkushi. 

Meteors are very small astronomical bodies travelling in count* > 
less swarms through space. Many of them ate smaller than a grain 
of sand and few bigger than a playing marble. Their mbits are so 
numerous that they intersect the earth’s orbit almost ev«: 3 rwhere, so 
that they^are continually encountered by the earth in the course of its 
revolution round the sun. They reveal themselves to our observation as 
aerolites, fireballs or shooting stars. Long before a meteor (ladies into 
view, it has been hurtling across space at a velocity much greater than 
its rate of speed after becmning visible. This is due to the fact timt 
its path up to its first point of visibility lies through space infinitely 
more void than that in the exhausted receiver of sm air-pump. But 
as the meteor strikes the atmosphere, its velocity b^ns to d im i n te h, . 
At las^ owing to its friction with the rar^ed fur of the upper ateaos* 
phere, its etmcgy motion is converted into the energy of hea^ 
it rapidly bopomas red'hot 9/ad bursts into view. But in 



298 ^m>K»|rettnitfKM» 

flestbii *0ooQd8* taxtiy man titan tm, it pwititM in « atnak cf 
triBiance, bnintr finally dissipated in ve^xnir or impalpaUe dost 

Tbe smalkur shooting stars ate oonsomed More they can pene< 
trate very far. The larger masses, however, which afgtear, not like 
flyii^ stars, bat as brilliant fireballs lighting up tbe whole landscape, 
often descend mnch lower, sometimes as low as 20 to 30 miles, 
before their speed soffidently diminishes to make tlmm cease to glow. 
The well-known mdeor showers belong to tbe Solar Systmi and 
move ronnd the sun in elliptical orbits which intersect the earth's 
orldt ( which is also elliptical } at or near a definite point 

When raetemrs fall in daytime, they are seen as white clouds. 
The nianber of meteors that enter the atmosphere per hoar can be 
compated more accurately than the duration of their visibility. 

Frmn a long series of observations, one astronomer estimates 
that the average velocity of the fireballs ranges frotfi 42 to 46 milel 
a second. As such a speed is far above the limit for bodies belong- 
ing to the Solar System, he concludes that they start from the 
depths ai space and that they descend in a hyperbolic course. It is 
tberdbre probable, he thinks, that they abound in interstellar space. 
As they rash across the atmosphere, they produce a roaring noise 
and leave a luminous cloud in their trail. Some of the larger ones 
as tiiey descend look even larger than the moon. Either owing to 
the sodden compression of the air in its path or to the accumulating 
prassote or to both causes, most of them ultimately break ap into 
smaller masses with a loud explosion usually followed Iqr unearthly 
aoonds. 

Tbe astronomical study of ifieteors began only in 1833. On 13th 
November of that yoax, a metemic shower of extraordinary brii- 
fiaace was witnessed from the eastern parts Of North America. It 
was estimated that upwards 200,000 shooting Attars were ob- 
served at one place between midnight and dawn. Many ai them were 
very bri^ and left persistent trains of Inminous matter. Themost 
magmlkent example of fireballs was the 'Meteoric Procession’ of 9th 
P^roaty 1913. ‘This remarkable cluster was first seen over Canada 
an^ after tiavriling *aboat 5,700 miles across tbe sky, was last 
dhserved over tiae Atlantic but still {xirsaing a sontb-easterly 
oo nr ae. It ooosistad of fonr or five groups of 40 to 60 membors 
ead). Along the observed portion of tbek path, theithei^t wasonly 



15 mte. M toBoy i^iaCaiitidattieirpaasfl^ ms asooi^ 
pM^ by a t h B ofai w m roar which eveii dtodc hcwMs at sf»> 
tioos* It is (Mi record that a sunilar pheoiMtieDOQ was yritoessod at 
Cairo as fiu: back as 1029 A. D. 

Wlule the smaller metecMrs or shooting stars are burnt np in tiis 
upper air, the larger bodies sometimes fall to the earthf bnt consi* 
derabljr reduced in size. These are called meteorites. Tb^ vary 
greatly in size. The smallest discovered have been as as a 

gi^ aeed« while the heaviest gnd one of the largest, the York 

meteorite, weighs 371 tons. It was found in Greenland in 1897 
and is now lying in the American Museum of Natural History. 
The total number of meteorites discovered runs to thnnga«.ie A 
big meteorite, if it falls on land, may cause devastation. On 30tii 
June 1908 an extraordinary event occurred in the wilds of Siberia. 
At about 7 in tbd morning a huge meteor of dazzling brilliance was 
seen in the sky by thousands of people in the southern part ot Ike 
Province of Yenesei. At ^vhat place it fell remained unknown for 
•nearly twenty years, until in 1927 a scientific expedition traced it in 
the heart of a dense ft^st. At the spot where the meteorite struck 
there is now an area many miles in diameter where the ground is 
'torn and furrowed as though by a gigantic harrow and pitted by 
large funnel-shaped cavities, like shell holes.’ All around this area, 
for hnndreds of square miles, lie dead trees in countless numbers 
and the remauns of vegetation scorched in a manner whidi shows 
that the scorching was not doe to forest fire. The sodden compres- 
sion of the air under the huge falling mass most have generated 
intense heat and sent out a (nrions blhst that uprooted and sfaattraed 
the tree;. At die nearest settelment, 40 miles away, people were 
scorcked by the heat and houses were damaged. A storehouse was 
destroyed by fire«nd several tools in it were found in a molten state. 
A herd of 1,500 dmnesticated reindeer was wiped out of existenoe. 
Railwaymen working 400 miles away fnan the site of the fall felt 
the hot-air Aiave and heard a roaring noise. At the Irkutsk Obser-- 
vatory, 000 milesaway, the wave was registered Iqr a barograph saa^ 
8>e shocks of the falling body were recorded b^r a seismograph, lii 
^udon, over 3,500 miles away, six mkrobazographs recorded a 
■^stoions nish of air, wiikh lasted 20 minate^ as if a terrific ea^ 
Sion had (iocurred* This is paobably the largest meteorite whidi hai 
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tMtsk fhe «Brtb in historic times, si^ Sir Richard Gregory^ the 
luiioQS scimitist, *and its wright must have bemi thottsaade ol tons.’ 

Meteorites are covered with a very thin, slagdike cmst of black, 
inodaoed probabiy by the intense heat to which they are subjected 
in their rapid passage through the atmosphere. Those which are 
composed mostly cS crystalline rock are called meieoric stones or 
aerolites. Ibey contain small grains of nickebiron embedded in 
softer materiaL Those composed almost entirely of nickel and iron 
are known as meteoric irons or sidsrites. There is an intermediatp 
groups the siderolite, which contains rock material and nickel-iron 
m nearly equal proportions. Besides iron and nickel, 24 other ter- 
restrial elements and 2 minerals not existing in the earth’s crust 
have been fouod in meteorites. 

In ancient and mediaeval times, the passage of .a brilliant fireball 
or of great meteoric showers or the fall of a meteorite was viewed 
widi superstitious awe. Such phenomena are now objects of keen 
delight, and astronomers observe and study them at every opportu- 
nity. An extraordinary meteorite fell in 1931 in the extreme south 
oi Tunis. It rushed through the sky with a blinding flash and a 
thunderous sound and burst into fragments in mid-air. On the site 
of the foil, cavities were noticed in the ground similar to those 
{noduced by a 75-miilimetre ( 3 inches nearly ) shell. Pieces were 
picked up by French oflicers who witnessed the phenomenon and 
were sent to the Museum at Tunis. Mons. Alfred Lacroix, the 
Secretary' (d the Acad6mie des Sciences de France subsequently 
visited the place and, after examining the fragments, sent a full 
n^xnrt to that body. On 28tfa Decemiwr 1931, a giant meteor as 
Jaqce as three times the apparent size of the moon was reported 
to have been seen at Lisbon passing over the cit]( with the roar 
an express trun and lighting up the country for miles around. It is 
believed to have fallen in the Atlantic. 

According to Gregory, something like 400 million nleteors— solid 
pe yHetea eadh weighing only a few grains^-enter the atmosphere daily. 
Dr. Harlow Shapley* Director of the Harvard Astrcmomicai Ol^t* 
vatory, who is recognized as the greatest of modem American 
astronomers, goes still further and puts d9wn flieprtAabie number at 
onebiUkmi 



i of the Ozomiay&i\ 
above the Earth’s Surface > 


8aian.*B - 
31|mile» 


Note.--According to one authority, the tewert h^t of Uii# layer 
aboire«Urth' ia20km.and its greatest height 80 km. This esthm^ gives 
an average height for this layer of 50 km., which is exactly the value deter- 
mined hy F. W. P. GSta and G. M. B. Dobrnn in 1929 as its average het ght 
Tba sun’s oitra-violet rays break down the oxygen nudectdee trf the 
air into atomSr and the tatter combine with the unbroken motecnles of 
oxygen in the atmosphere to form ozone. This ' ozone-Uanket ’ 
a great deal of the ultra-violet radidtion and prevents an excess of it readiii^ 
die earth. Too much ultra-violet sunlight would be as bad for fi^ng be- 
ings as too little. Were it not for this ozone-blanket which absorbs so 
much of the son’s ultra-videt radiation, it is said that every living being 
on the earth would become blind by their effect 

Both from observations by means of sounding balloons as well as froht 
tbe reflection downward of the sound waves produced by an explosion 
has been found that the Stratosphere is not so hitherto supposed, a strictly 
isothermal or constant temperature layer but that the temperature in it 
slowly increases with height though up to what height it does so it has not 
.yet been determined. This gradual increase of tmnperature is attributed 
partly to absorption by the Ozone Layer of the incoming and outg(dng 
radiations. 


(13) Height at which average Shooting 
Stars disappear in their fall 


so miles 


(14) Approximate Height of the 1 miles at evening 

Heaviside Layer j gp-ss m. in early morning 


Note 

Since the day when Marconi, the inventor of wireless telegraphy, 
first es&blished a two-way commanication between England and 
America, the mgde of propagation of radio signals round the carved 
surbce of the earth has been engaging the attention of scientists the 
world over. It has thus been discovered that the atmosphmre si 
Stoat heights is in a permanent state of conductivity— a phenomenon 
ascribed to dm presence of ions or charged electric particles mto 
which the air gasra break np under tbe influence ai solu agenck^ I 
1^10 waves shot out frcnn a transmitter travel along bands of thni^ 
particles and are teflecbul back to earth. These wavesn. ui^ke 
^ves M li^ti fbUotv the curvature dm mucth’s sur&oe. 
conducdng is called die Heaviside or Kennelly-Heaviskls 
■ 29 , * ■ 
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Lffyari ao named after Dr. A. E. KeimdQy, Profeeeor of Blecbieal 
BngineeriDg at Harvard University, and Professor Oliver Heaviside 
a Britidi physicist, who discovered it some 25 years ago. This layer 
prevents the escape of the radio waves into space and makes long- 
distance radio possible. From the fact that the solar agents mainly 
responsible for the ionization in tiie upper atmosphere travel in a 
rectilinear course it is inferred that this ionization is produced by 
the ultra-violet rays and fast-moving material particles shot out 
irom the son, and the evidence from so importimt bodies as the 
Bureau of Standards of Washington and National Research Council of 
r.ana<fa definitely establishes the impcatance of ultra-violet radiations 
as the chief ionizing agency for the Heaviside Layer. The height of 
this layer varies from day to night Dr. Harlan T. Stetson, Director 
<rf the Perkins Observatory at the Wesleyan University, Delaware, 
OhiiH considers that the moon also plays a part in regulating 
the hei^t of the * Radio Roof ’. The persistence of the conductivity 

the upper atmosphere during night must be due to the fact that, 
at the low pressures prevailing at heights of the order of 100 km., 
the frequency of molecular collisions will be small and the average 
life of an ion will ther^ore be long. 

At an instructive lecture delivered at the 19th Session of 
tite Indian Science Coi^ess held at Bangalore in January 1932, 
Professor S. K. Mitra of Calcutta University gave an account of the 
extensive experimental work done by him to ascertain the height of 
tim conducting radio atmosphere in Bengal. The height has 
been found to vary from 45 miles in the evening to 60 in the early 
nsonting, against about 65 and 85 mitbs respectively in England. 
The Professor has been experimenting with echoes of ‘wireless 
signals to measure the heights of the layer. His method is an 
adaptation of that recently developed by Dr. iS. V. Appleton, 
Wheatstone Professtw <rf Pbjrsics at the University <rf London, during 
h& esperiumits at the Slough Radio Research Station. , It consists 
in seadiag ont electxo-magnetic wave tr^ns of short doration from a 
transmitter and capturing the waves, along with the edioes caused 
by tiielr reflection from the Heaviside Layw, by means of a specially 
dedgned receiver placed a few nulee away. A remarkable feature of 
these echoes is fl»t sometimes the edio is found to be etrcmgsr than 
tiie signal diiecfly teodved, and farther, instead of f sintde echo, 



ftowor foar ediMiB acre int^ 

Tbe AtMKKUttd strenifth tu nmltipliciiy of tliese edioes ba.v« beoti^ 
found to be most pronoanced during the 10 to 25 mttmtes immedm- 
tely preceding suiuet. Mitra referred to a remadtahle class of 
long’delayed echoes recently discovered by the tiiatingni^heti 
Norwegian scientist, Professor Carl Stdrmer. These edboes w^e 
found to return to earth sevocal minutes after the signals produd^ 
them had left the transmitter. During all this interval the s^nsdS 
must have travelled vast distaaces in outer space. There was cmisi' 
deiable speculation as to their origin. It was supposed ^at tor 
outside the moon’s orbit, the ions continually present in spatm ' 
formed themselves into a sort of layer or band by magnetic influence 
and that the echoes were probably due to the reflection of the 
wireless wave trains meeting this ionic band. One could gatimr 
some idea, cmicfoded the lecturer, of the enormous distances invd* 
ved if one realized that, if the sound of a gunshot were to travel by 
the same path as followed these waves, it would take five years 
■ for the sound to come back to the earth as an echo ! 

The hei^t of the Heaviside Layer is greater at night than du- 
ring day. The alternate increase and decrease in height are not 
gradual but rapid. 

(IS) Aurora BOTralis or Northera'l About 80-106 km. « 
Lights, and Aurora Australis ) so^mOes 
or Southern Lights j (fiuryd. Br„ J 92 S) 

Note 

• 

Anrorae are a luminous’pbenomenon of the atmosphere. Accor- 
ding to ‘Stdrmer and many other scientists, they are caused Iqr 
electric corpuscjes shot out from the son. These corpuscles strike 
the earth’s atmosphere and flash into the brilliant displays known as 
the Aurora Borealis in the northern hemisphere and Aurora Aostrsfis 
in the southern hemisphere. Aurorae are among the most spectaou^ 
lar of Nature’s exhibitiois erf fireworks. Long rays like the he a iUa 
<rf a powerful seardhl^t^ assuming a variety^ oolemrs, roll up iU 
Sreat ton-like sheave towards the zenith from a dusky lineof ^ond 

haase a few ttegrees above the horizon. At timer, as th^. swaop 
npvtod, they with a tremulous motioa and, acootdmg to sqitis 
<>bserv«n, a^ acoompanied crackUiig sounds like die ntodiai of 
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‘ We qMd Bke tnete<ns thrmigh the aikT, 

Wben «ttb its crackling aound dw a^ht 
Is chequer’d with the northern light.' 

#< In twder to study the anrwa, it is photographed) with its back* 
grcMind of stars from two different positions between 25 and 50 
miles apart When simnltaneons photographs are taken in this way, 
the position and the height of the anrdira from the earth’s snrfececao 
be calculated. The lower edges or streamers of an aurora have 
tbns been fonnd to be at a height of 50 to 66 miles above the earth. 

Anrorae are of many types and sometimes appear in several fcmns 
at toe same time. They are known as rays, bands, curtains, draperies, 
ardies, coronas and diffuse glows. A faint aurora is usually whit^ 
afairiy bright one yellowish, and a very bright one mn]ti*coloored, 
ted and green predominating. The display is seen in its greatest 
siden^mr in toe form of a bright arch, especially when it extends, . 
as it frequently does, right across the sky from east to west. At 
such times it appears in red, yellow and green colours much like a 
rainbow. In the polar regions five arches have been observed at 
toe same time. On one occasion, in February 1929, an auroral 
ardi at toe height of its brilliancy flung a straight subsidiary arm 
fsoca its western end. This arch, at the time of fading, was seen to 
assume a sinuous form, suggesting a ‘drapery’ appearance. 

Even when very bright, an aurmral arch’ or curtain is quite 
tian^iarent and stars are seen sliining through it in its entire length. 

Opportunities for witnessing the Aurora Borealis me more 
frequent as oim goes northwards from countries in the Temperate 
Zone, rill alcmg a belt called the auroral zone, the* l^ts become 
visibb <m ev«y dear night Stormer showed some years ago, by 
sdenrific modds of the path of the ionized particles eject^ from the 
sun, that torae were caught in toe earth’s magnetic field and whirled 
a bqnt our f^dbe in belt% of varying wndth, centred at the pole d the 
earto’s magnetic axis, about two*thirds the way to ilw geographical 
Pde, An aiirEua can thus practically circle the entjure earto at once. 
The Annxa Borealis and the Aurora Australis miqr occur simnl' 
fftn gntMiy . But Hw lormec is said to bf tiw inmimiga^oeot of tb? 



two. *»W ^a8se$ ndr^ of Sib^ niad Norwa^ 

sc^th of lodfund and Gtaealand, and ovef NoriliMcn Caliada and ' 
Alaska, the latitade of greatest freqtiency of the di^iay being abont 
7(f N* for Asia and Europe and 60P N. fwr America, In these 
regions the siifot is often m ag nifi cent in form, colmir an,! motfon, 

Montgoomry gives a vivid, though shcnrt description of thiftgmnil 
pbenomenon;— 

' Us sunset : to the firmament serene 
The Atlantic wave reflects a gorgeous scene ; 

Broad in the cloodleas west, a bdt of gold 
Girds the blue hemisphere ; above unroll’d 
The keen dear air grows palpable to sight. 

Embodied in a flush of crimson light. 

Through which the evening star, with milder gleam, 

^ Descends to meet her image in the stream.’ 

Stflrmer, who has been closely observing the Aurora Borealis 
for many years, has found that very high aurorae, which sometimes 
do not come below 120 miles and extend upward for 500 miles, are 
still in the sunlight though observed foom countries in the nitdit 
hemisphere 1 For example, on 16th March 1929, three hoars before 
dawn, pale grey>violet rays of aurora suddently appeared in tibe 
north-east and were found to be so high that they were bathimi in 
sunshine. Occasionally such rays become faint or totally disappear 
where they meet the liiw the earth’s shadow, and are continned 
still lower down, with normal brightness at the nsnal heitdtt of 
aurorae. " * 

According to Humphrey^ much dl the light of the anrota is due 
to nitrogen bands and none of it to hydrogen lines, while the 
brightest ot all lines is doe to oxygen ‘presumably in a special state', 
and its brightnes 9 is prdxibly intensified by the presence of helinm. 

(1^) ‘Beware! Danger overhead !* roars out the Voice, 

‘ Thus far and no fturther ! ’ — 

* Roof* of the Stratosphere, or End ) 49.71 

of the Orth's Atmosphere , > 

Note.— The pressure at an altitude of 71 mOes, according to Hum* 
would be bettman 1/I4fl000th awl l/129Q00th at that at sea levd, 



iHo <nnl«iigB 

CtonelnAtoc RMOBHuta 

Below ^ Stiatospbere d» tempeiatare (rf the air {alls wiUi 
increase alHtade,bat in ibis iipp«r layer the temperatnre gradient, 
at least op to the he^t so tar ganged, shows a reverse ananginnent 
hnin that in the Tropo^here. The Stratosphere is a curved layer 
ninning somewhat parallel to the earth's curved surface. Its 
general height gradually falls off ftam the equator. According to 
Humi^irays, the altitude of the lowensurface of the Stratosphere is 
15 km. (9 miles 3 f.) at the equator and about 10 km. (6 m. 2 f. ) at 
latitude 60**. But in view of the report that a sounding balloon has 
recorded a temperatnre as low as -92" C. (-133** F. ) at a height of 
11 miles at the equator, it is probable that the Stratosphere over the 
equator begins a little beyond this height. As for the base of this layer 
in the polar regions, a recent estimate assigns to it* a height of ^ 
km. (a little over 5} miles ) after about 80° lat We have there- 
fore adopted the approximate average ^alne of 45,000 ft. as the 
point at which the Stratosphere commences. Mr. Luckiesh remarks- 
that there is less difference between the summer and winter tem- 
peratures of high altitudes than of low ones. 

A few words of explanation are necessary about the Tropopause. 
Strictly speaking, the Stratosphere rises immediately above the 
Troposphere but certain authorities add an intermediate region 
between the two and call it the Tropopause. They describe it as 
the boundary region or rather the ‘surface* which divides the two 
bveis. Now a surface, in the«strict geometrical sense, is an area 
having only length and breadth but no ‘thickness. Most scientists 
assign to the Troposphere a height of 6 to 7i miles, and’althou^ 
during the past few years several airmen have crossed this limit and 
a few have flown to altitudes as high as 8 miles, scientists have all 
along bemi talking of penetrating into the Stratosphere. Thus when 
Piccard made bis remarkable balloon ascent in 1931, bi% flight was 
represented as the first penetratkm man into the Stratosphere. 
We have therefore thought fit to recognize the exietoncetd aboundary 
region betwems tiie two layers and at the same time to assign to d 
an artificial tiiidmess — an average thicknees of aboat 6,700 ft> 
whkdi represents the dififorence between the average altitude of 
Ibe base (d the Stratosphere and the height of the Ttopos^diere. 



Various inmates are pot forward for the top limit of toe 
Stratoaidiecs^ It is calculated by observations of either meteors or 
aurorae or by measurement of the duration of twilight Lindemann 
aod D(toson, the well-known astronomers, have inferred from 
observations of meteors that this layer does not extend bt^ond about 
37i miles, while another astronomer states that similar observations 
made by bim show that it ends at 30 miles. The highest estimate 
we have come across for the height of the upper boundary of this 
regKKi is 50-60 miles. But fos reasons explained in the following 
paragraph, we are inclined to adopt 48-71 miles as toe point where 
the Stratosphere ends. 

We have seen that the usual height above earth at which an 
auroral display begins is 50 to 66 miles or an average of 58 miles. 
The descriptions we have come across of this phenomenon are 
unanimous in stoting that the initial motion of the streamers 
is always upward. It thus follows that, if the phenomenon is 
caused by the ionized partitSes from the son bombarding our upper 
air, the aurma takes its birth at the top of the earth’s atmosphere 
and not at that of the whole Atmosphere. Stdrmer's explanation, so 
far as this point is con(»rned, is therefore clear. An aurora, owing 
to its much longer duration, must be less difficult to study than the 
evanescent displays of meteors in determining the probable bright of 
the earth's atmosphere, «. e., toe upper limit of toe Stratosphere. It 
is therefore perraissilde to infer that the top boundary of this lajrer 
lies at the points where the auroral display begins, viz., 50 to 66 
miles above the earth. This limit will apply only to those regions 
through which toe auroral zone passes, ix., latitudes 60° to 70° N. 
and 60° S. The Stratosphere being, as stated, a curved layer run- 
ning somewhat parallel to the earth’s curved surtoce, over the polar 
r^ons it begins 5i miles and over the equator at about 11 miles 
ns already mentioned. Its upper limit in the former regions will 
therefore be between 49 and 65 miles and over toe latter r^on 
^tween 55 and 71 mUes above the earth. 

It is weU known that astronomy, aloi^ with many otoer 
^®nuches of science, formed an important intelisctoal pursuit among 
hm ancient Hindus. Long sdtet Pa^shara, the last great astco- 
olden whose date is located at about 1391 

tome the Canaqiis Aiyabhatta ( bom about 476 A.D, ) and Vaifiba'* 



S’? ' ^ 

sfioot 4^ A.p. ). Tb» lint irf oat 
& Ib^ fidd of learning was the great tetadieniaticianHguthta^^ 
who was born about 1114 A.D. and died some 

Aryabhatta «id Lalla, the latter of whom lived about 638 A.D., 
estunated the limit of the earth's otmos^ere at 12 y&jemas, t«, 
about 60 English miles. This estimate is confirmed by Bl^sikara. 
cbirya, who says in SSatUtyagathivasana : — 

II 

( Bhumirbahirdimdasha ydjanatti bhuvdyuratMambuda 
vidyudSdyam ), which means : — 

* The atmoepheKsorrounds the earth, and iU height is 12 y6ian9a 
and douds, Ughtning and other phenomena wi^dnate in it’ 

The astronomer Shripati ( bom aboift IQ^9 A.D. ) explains that 
donds, lightning, rainbow, aerial mirages {Fata morgana, the 
ordinal Sanskrit term being Gandharvanagara ), haloes round the 
sun and the' moon and shooting stars are all phenomena connected 
with the earth’s atmosphere. 

Further, Lalla, Shripati and Bhaskarachaiya have all advanced 
die view that, above the earth’s atmosphere, lies another high 
layer of mr. 

In the lltb century A.D. the Arabs calculated the height of the 
eordi’s atmosphere from th^ dmation of twilight to be about 
57imiles. * 

Ftmn theur observations of the flicdits of meteors, Lind^nn and 
Dobson confirm the presence above a height of^37i miles (their 
ejidimate di the top limit of the Stratosphere ) of a warm layer of 
air wbidi, they say, extends up to the point where meteors first 
fiadh into briUiattce, and they estimate its tanperatuss at 80* F. 
( 26*7® C ). * This theory is in part sui^xnted by Dr. F. J. W. 

Snperintendent of the Kew Obwrvatory in England, who, 
from his study of the strai^e phenomenon that sminds like those of 
goi^ am often beard better at a distance than liqr listeners at much 
twarer {xdnti^ infors that this peculiarity is dne to dm evistenc^ of a 
settm layer in d» twer tur tiirot«h which sound wanes curve back 



toearifk above ewtii ia4 

i:i» I^itdetr Sekm»M of Septen^ 1931 gives i)wti> 
cuiars di an interestii^ experiment carried out Whittle in tliie^ 
comwctioii* He wanted to trace the path of the sound waves ftnn 
00 explosion between the moment of their generation and their re* - 
appearance miles away, after overleaping a ‘ zone of sUenoe *. At ant 
ar^lery practice at Yanriet he arranged to have radio rignals^ 
broadcast the instant a gun was^ fired. At Birmingham, 230 miles 
aiway, and at intermediate points he set up super 'sensitive 
microidiODes to catch the inaudible sounds of the explosions. Then; 
he timed the arrival of the sound wave and checked it against the 
almost simultaneous receipt of the radio signal. From the speed tA 
sound in air he found that the length of time taken by the sound 
wave to arrive cdUld only be explained by assuming that it travelled 
into the sky to a height of about 30 miles and then descended 
to reach the Birmingbgjgi; microphone, skipping intermediate points. 
He considers tlmt the descent of these sonnd waves back to earth is 
due to their being reflected downward from a warm. layer ol 
air in the Stratosphere. The sound waves in this experiment were 
found to travel in a curvilinear coarse, almost hyperbolic. The tests 
showed that this layer of air must be as warm as 106*’ F. ( 41** C. }. 
Whipple’s experiment is especially interesting as we find that 
the highest point above earth calculated to have been reached by tho 
aund waves hdls within the region of the warm Ozone Layer, 

• 

Second Intematlwial Polar Year 

• 

Concerted effort to obtain data from the Pola^ upper air id 
i)eing made by ^ientific expeditions from Great BritaiOt Prancey 
Holland, Denmark» Norway, Swedali,«KFitJa^y Russia, Polaud, 
Germany, I^yt and the Unitdd Stated Amcuica in celebra^' 

tion of the First International Polar Year of 1882*83., In that yeiaf^ 
twelve countries including Great Britain joinedjbands and sent speichl^ 
expeditions to the Arctic and Antarctic regkms to carry out, maih^ 
n^eteorologicai aod xnagnetic observations! <m a settled pl^^ 
obtidned were of <xmsideiu^^^ value and 

^^nduicm Ibe mfaseqimt reseaich into the physics of theatiM^iiex^^ 
30 n * 
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and twra stria l magnetism in dw Polar regiona. The prognes in 
geopli yai cs since tiiat time has shown the greet importance of polar 
detat and hence it is that the varkms countriss have arranged 
axpeditioDs, which will set np a network of temporary observatories 
in a circle round the North Magnetic Pde to carry out extensive and 
intensive research. A Norwegian expedition has arranged to proceed 
to Antarctica for simultaneous meteorological observations in that 
region. It will travel by sledge along the coast of that continent 
The research work of the Second P(^r Year will not be confined to 
meteorology as understood in the strict sense of the term, bat will 
iiKlode observations of the important phenometm of terrestrial 
magostism and atmospheric electricity and deeper investigation of 
the nature of that flamit^ marvel of the northern skies — the Aurora 
Borealis — and its connection with the mysterious magnetic storms 
which sweep over the earth and cause compasses td swing violently. 

These expeditions commenced their work on 1st Ai^st 1932, 
and it will last for 13 months. The British section consists of two 
parties, one of which will proceed to Tromsd in Norway and the . 
other to the lonely settlement of Fort Rae which lies within the 
Arctic Circle on the Marian Lake extension of the Great Slave Lake 
in Northern Canada. 


Hie expedition at Tromsd will investigate the ioniaed layers 
above the earth to find out whether there is any connection between 
the aurora and tbe Heaviside Layers, as many scientists think it pro* 
baUe that this layer is produced by tbe aurora. Tromsd is a place 
where the aurora is of frequent occurrence and there are no ultra* 
vkdet rays of tbe sun during Aie long period of tbe Arctic winter. 
These are conditions which are favourable fmr studying, hyjepeaied 
measurements of tbe he^t and intensity of the kmized lajers, how 
the iooization is brought about * 

Hie British contingent^ t« Canada consists oi five men who 
inctode Qiite'scienti^ and is kd by a seoiot scientific ^istant of 
tbs Meteorological Office. Fort Rae, where there will be 8(y* of 
figpst ( -48* F. or -44*5® C. ), is one of tbe coldest parts of the 
worid, ocddnr than even at the North Pole. The party will spend a 
year in tiiis bleak, inhospitable region in the interest <rf science, com<' 
plstely cot off from civilization except for wireless. A complete 
ssoocd of wind dirsetion and foroei, air tsmpstatars hsif^t 




itHli .Iw 8t boorly intervals As at the ottier statfeio 
in Aictic baUooBS fillea with hydtogeo and 

cgxtyiofil a otoirm tic iDstnunsnts will bs sent op ftmn thi? plaos to a 
l]^bt.of 6 or 7 mileSf and they may rise even 10 miles. They wiU ba 
sent up at least once a day and their course followed a telescc^ 
fitted with a UieodoUte which will indicate their direction. But as die 
recovery of the recorcUng instruments after they come to the ground 
will be a most for mi d at de problem in these uninhabited regkinei 
the extensive use of radio transmission apparatus which will auto* 
matically signal to listeners on the ground the air temperature tmd 
pressure at various heights— vide Item 1 — is contemplated in sidte 
d tbeur heavy cost Alternately other balloons will efiEect the same 
result hy flashing coloured lights. Research into the physics of tho 
aatma will also be one of the activities of the Fort Rae expeditku], 
as this pJaoe offers the special advantage of being situated almnat in 
the zoui of maximum fr^uency of aurorae. 

Improved methods of investigation, undreamt of in the days of 
the First Polar Year, being now avmlable, the hourly observatbns 
of terrestrial magnetism will be dispensed with and replaced by 
magnetognqphical records. % 

Where mountains exist in ^oximity to stations established 
closer to sea level, special observatories will be set up to 
records cd temperature, humidity, wind and cloud motion. An 
amount of valuable information will thus be obtained about the 
I^^cal conditions d[ the Stratosphere in high latitudes, o( which 
veryjittib is known at present 

Tlw work of organizing the varioiu expeditions has been entrust- 
ed by the.International Meteorological Organization to an executive 
body called the Polar Year Jubilee Gjmmission. As investigations of 
geophysical phenAnena in high latitudes alone would not be (rf as much 
scientific value as simultaiMops obaptyatlops throughout the eartl^ 
the Commission has invited the active co^](pnr»tiotf oi ^ the meteo* 
tological se^rloes of flie world, and besides tha countries already 
mentioned, many others including Austria and Japan have signified 
their mtention ^ partidpating in the work of the Second Polar Yeid^ 
Indian Meteorola^cal Department has also been asked to co- 
operate. Animig othw activities wfaidt this Department has htMti 
Attested |p t^nd^rtalto tlae sending np of soundiag and 



brifrxw lor aboot 80 daya daring tlw Saecmd BoW Yaar ( Aagost 
l932*Aagnat 1933) and regular magnetic obsarcmtloiui at the ob< 
•ervatory at Alibag. This is tiin only Magnetic OUaenratory in Imj ia 
taking omtinoous records d all the magnetic changes and has the 
advantage of being situated on the magnetic equator. 

The results d all the observaticms made during the Second Polar 
Year are required to be published almost immediately altar their 
cassatkm and in a niuform style. It is expected that tin Polar 
obserrations will promote a better, knowledge of the movements 
d the iqiper air. According to the laws d physics, the warm air 
d the tropical regions must tend to rise aid flow towards the Poles 
above the cooler air which moves inwards to replace it, so that there 
is a general circulation d the atmosphere throughout the earth. 
The earth, in the words d Dr. Simpson, Director d tiie Britidi 
Meteacological Office, may be likened to a beat-t>rodacing engifie 
with condensers at the Poles, and all the energy required to^rodnce 
die winds is generated by the heat of (the Equatorial regions and 
by the coding of the air near the Pdes. But the velocity, extent 
and exact directions d the upper air movements form one d the 
mystmies qf climatology that remain to be satishKtorily solved. 
It is anticipated that simultaneous and comparative observations 
over the Polar cap as well aa in lower latitudes during the Second 
Pdar Year will enable the meteorological services everywheiq to 
draw up more accurate weather forecasts than has hitherto been 
potnble. 

Meanwhile comes the i»ws that Russia has establbw a 
nmtoQrdQgical station at Teplitz Bay in. Crown Prince Ruffidf ISSsnd, 
aitaatod approximately in 81** 2(y N. laU This station is situated even 
frrtiW north than the weather station in Franz Josef Land (about 
81* N. lat. } and is now the northernmost meteordogica! station in 
tbs world. It will be remembered that the snowline in latitudes 
above 75* is at fXA level, so fhat tfiese two statkms are situated 
in T* gkw>s at 'perpetual snow like the Monte Rosa tdrservatory 
rathe Alps. 


View from the Mld<8tfiloephere 

The wanringa d tire mystorknts Voice from tire Sky, tirmr^ es 
gfe pnw huriy acauttomed to its tngBaring tones, make of 
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]jerfERto idbo^ ooafcRilflg oar ascent. Befoie oeni&igr ta a dsdriot^ 
therafore> we to the mid>stratos{d)ere ami ' statioa' oandves 

lliere for a whole piooth ! Looking north, eas^ sootiti and wwt as 
well as overhead and below dnough the huge glass windows of oar 
balloon car, let os observe closely the landscape and akyscqie 
piesented to os from this region of the sky. 

Owing to tile absence of fogs or clonds aronnd or abov^ the son 
emits the harsh glare of a searchlight. We see the snn here at all 
times dhring the day, and such will be the case throoghoat the year, 
Onr horizon d i stance is something like 500 miles. In ordinary 
weather an observer looking below from snch a height will see only 
each portions of tiie ground as the rifts in the clouds w31 expose. 
But better luck fovours us at the time of our return to this regkm, 
and the terrestrial weather is perfectly clear. Yet we find it impoa> 
sible ti||distingoi£di any landmarks. Lakes and rivers are virtualbr 
wiped OQt of existence under the sun's rays and appear as scattered, 
dazzling spots or streaks. 'Mountains seem to have sunk into the 
■earth. Ground, forests, valleys and trees, all practically merge 
themselves into one confused whole, and the earth's land surface 
presents the appearance of a fiat plain. We proceed seaward and 
arrive directiy above the coast shortly after imon. The sea 
presents itself to os, rmt as a blue expanse of water but as a bur- 
nished silvery mirror bounded by an irregular and indistinct coast-line 
aid the horizon. To us temporary tenants of the upper atmosidiere 
this is all that is visible of the planet on which we were born and 
whi^ Vro left not long ago. The skysc^ in daytime is different 
fnxn What we have been aocustomed'to on the earth, for on acoount 
of the high rarefaction of the air and the considerable diminution, in 
consequence, in the scattering of sunlight, the principal stars and 
planets are vimbte to us even by day, though somewhat faintly. 

It is mght. Tbn moon is at its full phase, and its disc appears 
in all its spjendour, revealing its surface in greater detail. On the 
earth the moonbeams teach ns after bmng filtered through the clonds 
^ the dost particles of the atmosphere.^ Rising air cnxxento- 
together with layers of onequal temperature and humidity ^Nm|| 
variations in the density of the air ihiough which the iifi^t 
the stars comes to ns. Stars for reascm twinkle or sontUlate 
when semi f|^ ^ earth, but from (be Stratosphere we see tiiem 
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inteMe glow like rtbiw trt iafawtKdtggaand of 

miiyy 9 

Afortnight ha$ passed. It is a dear mooi^fa n^t. and lo, 
tea whote "i gh* Nature entertains ns with a superb display of her 
BteworksI The Wue-Wack dry is illuminated by shooting stars 
speeding across with a frequency htamoeivable to those on the 
earth, and once or twice by groups of brilliant ^balls s^etimes 
looking lar^ than the moon— sane disappearing far above our 
altitude, dose overhead and others down at our feet 1 And 
the of splendour in which the* shooting stars end their career 

and the luminous clouds that the fireballs leave in their traU appear 
to s^ the sky ablaze, fphaneing the magnificence of the whole scene. 



CHAPTER IX 
This Outer Atmosphere 

(1) Hdght above which the Sky would lu 
longer look Mue-black but would gra- 
du^y have chang^ to jet>bladc 

Hete.— Sunlit^t can be decranposed into a lange ocdoufs* 
Wbat we see as white or colourless light is resolved into different odows 
when a snnbeam strikes a glass prism or the bevelled edge ot a 
mirror. The most magnificent indication in Nature of the colour 
composition of sunlight is that presented in the rainbow ( called by the 
aficient JHindns Indradhanus, the bow of Indra, the god cS. clondjaand 
rain }. In this phenomenon the sunbeams are refracted and'^di^^ 
sed by tiny drops oi water ih the clouds, and the white sunlight in 
reaching os is split op by the raindrops into the seven primary 
colours — violet, indigo^ Noe, green, yellow, orange and md. l|pt 
only are these colours found in every shade in a snnbeam» but where 
one primary odour follows another an intermediate colour is present 
between the two. These colours ate arranged consecutively as 
follows: violet, indic^ or blue, blue-green, green, yellow-greei^ 
yellow, orange and r^ The shortest waves d vimNs light 
doce the impression ot violet, and the longest red. Still shorter than 
the yidet rays ate the invisible idtra-vioiet. Waves longer (ban 
those wUcb give ted l^ht are called infra-red, but thou^ infra- 
ted rays »te not perceptible to the human eye, it seems possible 
that tee eyes ol animals of the feline race ate responsive to them. 
These rays are sdid to pass with ease throng haze, mist or fog 
which completely intercept white light The approximate wav»> 
length d ultra-violet light just beyond tee visiNe region is l/64000th 
of an indi, and tee wave-lengths d the other rays moease from 
violet to ted. The wave-length d infra-red ^ht just beyond tee 
^ible region amounts inch. 

Tlte sky ktoke Une from tee earte <Aring to tee scattenng d 
SQdigbt by tee ea£th*e atmosphere. Tbcf atoms and moleciilea of 
its gases an an teiiwle teat teey scatter this light in every 
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moie'elMint' 

longi and 9o ^ Hoe and violet inys ^ scat^^ 

Itan fbe yellDW and red. The grnt^^ecattnruig oltheae short waves 
tha sky appear bine as se& h^ Inearth. owing to the 
decrease in the suiKMint present ^ scattering of son. 

Jigdtt becomes stnaUer and sn^ler go np in the atmosphere, 
and die sky would therefcce appeal^ ^jUadk after die boo^^ 
the earth’s atmosphere is crossed, f ' ' 

(2) Hdght at which averagf! Shooting ) 75 m 5 i« 

Starsflashinto view J ^ 

(3) Greatest Height at which Meteors ) iso mnes 

have become visible jHBn0d,Br..i929) 

Note.— At this he^ht the air would be about twice as thin as that inside 
a vacnitiD faunp-bulb or about 1/2'niiUionth of that at sea levd, and yet it is 
esidlildy dense eoou(d> to csuse meteors to flash into view. The higher tile 
pdipl^lpiiich these objects become visible, the greater will be the grandeur 
of th^ Aphy, particularly when they sljpot across in a shower. A 
bnautifAmwer of Leonids, the best-known of all meteor streuns, was seen 
to. 1861 at a heitpit of 9fl3 miles, and at this display no fewer thair 
7|>meteorS: were counted. A graphie description is gfvmi to* Bail of a 
fimllhilBSlte meteor seen on 6th November 1869 at a height of 90 miles above 
Frome in Sonwrsetshire. The whtde length of its visible coarse was about 
170 ii^le% whidi was traversed in 5 seconds, i. e., at an avnrage veloctty of 
34 a second. A rare phenomenon wiflcb ftfliowed its dtoippearance 
wps a long persistent streak of luminous doud, dmit SO- nflies tong and 
4.pi3es srideb which remained in sight for fully 50 ntoittse. 

(4) Appleton Layer or ‘New Radio Roof ’ ... lao mfles 

N«te>-The mustnnod WAkly India of 13tb December 1931 
amne particaigrs of tbo: disoovery of a 'Mew Radio Rn^ 
by.Ptofeuor AiHiletoo. Tbto discmivry otokes tbe Heaviside 
LiqfW (Ram 14 of the preceding chapter) the bate of the whole 
‘Riidin Boot. Very short wayea have been fomadte pan t^^ 
thte lditer borer ted bo reflect^ eardi from the upper 

^y«|g, w|b^ will henceforth be called tbe Apfdeton Laylr. It ends 

jiio ini^^ the earth, Ita heyht waa detomtoed by the 

riwaamiemnn of a SBfffcl, lading laea than the thonaaiidfli ofssaXWidt 
wbk^ idtpfd; die Haavbida tiAvallad far 

.Qte., rf'. tbp actan^^.te.thf itepi^.'f^^ “*■ 



^ys gieea^^ipot boU^ oa the eod of a great ' 

witelras valye» BI obeerving its movetaoeti 1 m hopes to reduce 
f a^^ing to a matiiet^tical fonxralaJ The station t^wrei to is the 
Radio ReSMirdi S^tion a^lougti iofBngland. 

It ixMy be mentbn;^ Jhii||while light graves are of exceedingly 

minute lengths, even the sagpest of wireless waves are a few 
inches long and the wav^a^h of sonM long-wave broadcast 
stations is as much as 20,00vniiltdires or over 65,000 ftl 

As in the case of the Heaviside Layer, the evidence hcom tiie 
Rational Research Council of Canada definitely points to tiie impor* 
tance of ultra-violet rays as the principal ionizing agency for the 
Appleton Layer, though physicists are of the opinion tlat the last 
w(vd has not been said as to the relative importance of the two ! 
solar agencies in producing these two layers. 

• The ionized regions of the Atmosphere are sometimes coUecthwly 
termed the Ionosphere. 

(5) Height which the diffused light of 1 

. the highest streamers of an Auroral [- 600-€20 idles 
Curtain has been found to reach J 

Note.*-*The EncycL BrU. (1929) mentions an unusual auroral 
observed west of Norway on 8th September 1926. It appeared like an arch, 
but the photographs showed that it was made up of a curtain of rays which 
extended to a height of 187i miles. The dkffust form which ended the 
display reached a height of 600 miles. Stormer, as already mentioned, baa 
observed auroral stnamirs 500 miles in vertical length with their base 
120 miles above the earth, so that they attained the record height of 620 miles 
above the earth. We are not sure whether or not the display referred to by 
the EnaydopaoHa is the same as the one olterved by Stdrmer. 

(6) halt, as ye value your lives!’ bellowed the 
Voice, ‘ Car windows cracking, oxygen tanks leak- 
ing ! What ? Still thinking of moving on ? Ha, ha, 
ha I Only hydrogen and helium to breathe ahead, 
if ye could stand the zero pressure — 

* Rhof ' or End of the whok Atmos- 1 ggo miles oriwrfe 
phere 3 

Note.--U is genmraDy bdieved tl^ the greatest fteight which an aurobd : 
<^May can attain marks the Unfit ^e Atmdsphere. Dr. Baker tnleia fcQiii 
the results of StOrmer^s obaervaffons it is pfobable thct the Atmoqplim 
^^^°^htgUynirefied,toa8tittgieater^^^^ mites. 
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Abb6 'll!* Moietix oc^idMs that hydrogen eiveiop8 tfw Stratos- 
IilMte in the shape of a snurm }ffv above it m will have been 
seen from the Note under Item 5 of this ’)Bhapterr this gas is present 
only in very minute p roportions in th^iair vm brdethe. The rest of 
tibs hydrogen content of the Atmo^here may be miles up in the 
tarred regions and cannot descend far owing to its extreme light, 
nees. The study cS aurorae« adds Moreux, indicates that thisU 
true. J^urtington believes that at a height of 62 milesi 96 per cent of 
the air would consist <rf hydrogen. 

It is believed that the temperature to the Outer Atmosphere is 
gmctically odhsiant 

Let ns now try to ascertain tiie approximate weight oi the 
‘^t^rde Atmosidune, which extends from the bcbe of the Tiopbs- 
pme^p to 620 miles or more above the earUi's surface. The 
methnW calculation is similar to that adopted by ns in * weighing’ 
the ^eaa. Just as we took the average depth of the sea in that 
Q|lcolation, in this case we have to take the mean pressure of air 
at the earth’s surface, which has been found to be about 14*3 lbs. 
per sgnare inch, against 14*7 lbs. at sea leveL We have now only 
to multiply the superficial area of the earth ( 199,199,625 sq. m.) 
by this average w pressure ( the former being amverted to square 
inches and the latter reduced to the fractioa a ton ), as the pres- 
tors at any area represents the weight of the column of air over 
jt The result thus obtained is 5*7 quadrillion tons, a value which 
is <mly about 10 per cent bigAer than )faat given by Homidueys in 
Ids Pbcfsies of the Air. The weight of the Atmospbrn is thns 
idxmt *0037 diat of the Ocean and r^rproximately *0000008 that cS 
tfia whole Earth. • 

We may stnularly eodeavtmr to arrive, however tousddyi af ^ 
wdidhts of die individual oonstituents of dte Atmos^dwro on the data 
ghf»D by Humphreys. He estfanatos the avmage amount of 
WBtof'VEpOQf in the |itmosphera t&tt the equivalent of g ley^r 
water ovm dm whtde earth only M Mndmetres ( 1*02362 inches) 
deep. Taking the weight of a of pore water as 62*4 Iw* 

■fgnoximate^* the weight of & waterovapow In dm atmos^xf^ 
will fboe amount to 





Woridog aa aiaqoatkm giv( 
martiM Mttiail iotriwiies of ; which 
ob ta in die foUoWiof vidoes for, the wi 
oaiib of the atmosi^ber^ thcwgh they 
than those arrived at by him:— > 
Coiwtttiteat 
Ntrogea 

Aiaon 

Carbon dknide 

Hydrogen 

Neon 

Krypton 

Heliom 

Osone 

Xenon 

Total 


^ indhes ftyttfa- 



HomiAroyB, die imydcat and 
not be set forth we 
lights at the remaining oompOi^ 
are about 10 per cent fufl^ 

Weight In Tona 
3*87 quadrillion 
MS 

61-76 trillion 
2-16 „ 

128-8 UUioir 
68-8 „ 

12-8 

7-95 „ 

2-98 „ 

169 » 


5-0B4143 qoadrilliim tods. 


If we add to this total the weight of the water-vapour, vig^ 13*2 
trillion tons, we get a grand total of 5-097343 quadrillion tons^almost 
exactly the weight of the Whole Atmosphere. The weight bl the 
hydrogen content especially is noteworthy. It affords material for a 
startling comparison. According to the estimates of the International 
Statistical Institnte, the world’s total population in 1926 was 
1,879,595,000 or t^iproximately 1,880 millions. Assuming tiiat this 
total remains ondianged and that the gverage weight per head is 60 
lbs., the weight of the world’s population will amount to about 50 
million tdns. Allowing for the excess of 10 per cent in tiie figures 
shown in the f(^egoitig table, we find that the weight <ff aU the 
hydrogen in the atmosphere, in spite of its beii^ the lightest cS gases« 
is at least 2,300 times the weight d the entire population <ff the 
world! , 

’ .■ 

The mysterkins Voice onw%Mre admiddlers to ns a wanih^ 

^s time a most stem war^lpK^lloald we not pay heed to it inogur 
^tnatioh and tnmnbaSirWftot before finally 
nfodj) let nil dfofoi|d a ocmpfo of bimdred 



^ 4M4 woiotonm imrv^ 

It itadark ai(d>ti and ftcaa these lofty regioA so fax anrsy from 
the Stratosphere we bdwld a strange spectacle, ronoeagalo Nature 
is oat with'^her firewwks exhibition, but at theuznmense height tg 
oar observati(m*point, the lomiaodb tracks of theCthoosands me. 
teors that shoot across look only like so many tin!' threads flanw. 
This time the heavens seem completely topsyturvy, for the met«ns 
flash to oar view and dissipate themselves at thetbottom of a terrific 
abyss. 

The cmnplete absence of troposij)ieric phenomena in Qie Stratos. 
phete onwards is worthy of note. But even about parts of the 
Stratosphere it is not possible to say definitely that no sounds what* 
ever can be heard there at any time. The larger fireballs usoaily 
prodnoe a thnnderoas roar as they strike the earth’s atmostdiere and 
rash earthward, and most (rf them ultimately burst with a load 
exidosimt, and the common shooting stars as thdy speed through 
the *8ky possibly give rise to a sort of hissing sound more or less 
audibly in the close vicinity of their tsacks in parts of the Stra- 
tosidim at any rate. But in the loftier regions of the Outer Atmos-, 
phete we find conditions totally different. We are impressed nith 
the perfect calm and silence that reign here, and well may we sing 
wW* Tennyson 

’ The lucid interspace of world and world. 

Where never creeps a doud or moves a wind. 

Nor ever falls the least white star of snow. 

Nor ever lowest roU of thunder moans, 

Nor sound of human sorrow mounts to mar 
Their sacred, everiasting cabn !' 



CHAP^R X 
TTie Planetary Region 

d as book of God before tbee set 
Wherein to read His wondrous words. 

• -mm 

To rise in science, as in Miss, 

Initiate in the secrets of Ute skies ! 

— Young 

(1) Height over the equator from 
which# at an aurora circling 
the Earth, the Aurora Borealis 
or the Northern Lights, and 
the Aurora Australis or the 
Southern Lights, would be vi- , 
sible simultaneously j 

Note. — Zn America the scene of the auroral occurrence .^is 
60** N, or S. lat., so that the Aurora Borealis and the Aurora AaS> 
trails occur in regions equidistant from the equator. The 
distance pierced by a straight line drawn from a point on the 
equator to the region of the occurrence (for the earth’s surface is carved) 
would be 2,633 miles, as the earth’s polar ' radius is 3,950 miles. Could 
an observer vertically, say, 830 miles up from this point, bis 
horizon distance horn his< * statiOn’ in the sky would be about 
2,730 miles,* and be wmild thus see, at an aurora drding the 
earth, the Northern and the Southern Lights at the same time. Bat 
for the Eastern tlemisi^ere, the region of the Aurora Borealis is lat 
70** N., mid amsequendy an observer in this hemisidiere would have 
to rise from a ^boe 5^ north of the equator if he wanted to reach an 
observation>point equidistant from the two Aurorae. In this case he ^ 

-»■ ■ ^ -r— r-;;'. 

Where the hdght of an obaerver Is some hondreds of mfle s above flie 
emh, the formula to determine ^is horison distance would be>/A (2r +lr)* 
where h is the height in n^es^ add r is the earth’s radius. In the 
^ we have to cakutate w brighti iron the boriaon distances ua^ 

■. I 


• About 830^0^ 



m 


woiroKKjnrt Ofttmik 


tvoold tern to onmmand a ItorUnn ^ttuioe of « little nure ttaq 
ff X 3»950"*%853 oiUes. As devattem ot aometipig 13(8 950 aiilee 
tvoold be sofficieot for tiie purpose. ’ 


(2) Elevation from which an observert 
would, exc^t near noon, see Night,! 
Dawn and Dav on the Earth simal<i • 
taneously if the atmo^here wer^ 
perfectly dear 


1,900 IDflM 


Nota, — Mr. Lsckiesh says in his^fiooA of the Sky 
* WhUe on tfae wings of imagination, one might rise to an alti> 
tmie of 1,500 miles, whence his horizon circle would nearly equal 
a great circle of the earth. His line of vision, when gazing toward 
dm edge of the distant earth, would make an angle of a^t 45'* 
with the vertical. It may aid visualization of sn^ an imaginaiy 
view of the earth to place the ayes 3 ft. vertkally above a hcvl- 
zontal circle 6 ft. in diameter. This circle subtends approxunately 
the aasM solid angle at the eyes that the barth would when tibe eyes 
were 1,500 miles above it. Imagine a m^ of tfae WesfaHm Hemi< 
qtbere drawn on this circle and that, as the eyes rove over it and 
leave its e^e, they lode into the void of space. At any time except 
near noon, the observer at an elevation of 1,500 miles would see 
nfadit aod day simultaneously on the earUi. Perhaps day over the 
Adantic, dawn over tfae Continent, aod moonlight over d» Pacific. 

* In the foregoing views a perfectly clear atmosphere is assumed. 
The earth would still be veiled in tfae blue of dear air. Under the 
conditioos as diey actually are, the earth haze wotfU add f, white 
lumiocms veQ, so that the detaiwbf the .earth would be very much 
befogged.’ , 

What most be the degree of rarefoction of gases or 'emptiness’ 
of space at so great a height above the earth ? SoMb idea of it may 
be gained from what Jeai» says about the craditions probabb 
bbtaiiiiiig at a height of 3,200 km. (2,000 miles). Acoordiag to him, 
at this level diere can only be roueddy 300,000 gas mc^acules ^ 
caNc centimetre, that is to say, in the ndldiboorfaood of 5 million 
per coldc in^. By met^ of an instnunNit kno^ ^ 
dm kmizatioa maaomater of a new de^lKB aisufaur in oouetmetioa to 
« radio tidMb two sdentiats of tha Bell ^Ifoplioaa Imbocatory ^ 
Naw Yoci^ Dr. Edwhi K. Jaycox and D|« W, Mfoiabmb 




{ppipidyi^ 

aad a vwcsavm u can be ereate^^ 

tbat tbere nwe fl|ul left in tiia vessel smie 560 million mole<^es in 
evfwy cubic tiiclj| This amount, though seemingly large by itself, 
liinid t^ l/3«>triUionth of the amount of air originally oon- 

in the vei^ This means that every cubic inch of air at tibe 
S^riEsoe coat^^ some V5 sextillion molecules, against only 
5 m j/iioft said to ^st in space at a height of 2,000 miles ! This 
latter quantity is equivalent to 1/lOOth of what would ultimately 
remain in the lowest vacua atfkinable in the laboratory. From this 
can be clearly understood the significance of the remark that space 
at such heights will be more void than that inside a vacnnm 
lamp^bulbw 

A p proai$im€ 5^ 

^ ianetfromtho 

Eartk^s swfcm 

( 3 ) Moon when it is simultaneously in 
perigee, nearest to us in the 
course of its revolution round the 
Earth (in an elliptical orbit), and 
is crosring the zenith 
■>* 

Note.---&]ch an event occurs at intervals of about 18 years and 11 di^ 
The moon being then direcdy overhead, thi observer Is at the nearest pos- 
sible distance from It The moon’s perigeai distance here is diminished by 
4,000 ndtes, a little mm than die earth’s radius. 


* 213,500 miles 


( 4 ) Moon when in perigee but not cross*) 217,500 inaea 
‘ingUie zenith } 

an avent occors q|M in a period (A 27*3 days or a 
sidereal the time it takes to make one complete tevolorioa 

loasd die eardu 


< When the dioon oomea between the earth and diesnn, so that its 
f dark side is tamed towards os, it is said to be at coajnnctimi. It b 
dim called New Moon. If we oonld transport onrselves to the Innar 
world at snrit a tune^ we would behold a magnificent spec t acle 
denied to hihaMtanta db^ earth. Framed in a pitch>bladc firma* 
meat would be aOeo a huge, ^udfully illlaminated, Uui^ disc 
kaving a tdametsr nearly fow 4unes that of a full moon as aseii: 
^tom out g^^ and 4^ng nearly dune 

see ^ aorfoee of diis hemi si^tiypS 

-,v' ; .. ; . ■ 






wkh U^ht Wimt ooa!d|8iat^^^^^f^^ 
dbtant object be ? It is the eaiih l ^^lis doodlof *ea^l|^ on 
the moon is something like 40 times as much as full moonlight on 
^ earth. The reason is that the earth is at olce a larger and 
better tnirror than the moon, better as it reflect# nearly one half 
of the light received by it from the sun. The palmight visible from 
the earth at new moon is only a portion of this Klorious earthlight 
reflected back to tb#ilarth itself. f 


The reason why our planet eipits a bluish light is that a 
con^derable proportion of its l^t is reflected by the dense layers of 
its atmosphere, and in earthlight therefore the blue of the sky is 
present to a greater degree than any other colour. 


How would the earth look from the moon if observed in daytime 
^through a telescope ? Says Ball : — , 


‘If any one stationed on the moon were to look at the earth through 
a telescope, would he be able to see any water here ? Most undoubtedly 
he would He would see the clouds, and hi would notice their incessant 
changes, and the clouds atone would be almost conclusive evidence of 
the existence of water. An astronomer on the moon would also see our 
oceans as coloured surfaces, remarkably contrasted with the land, and he 
would perhaps frequently see an image of the son, like a brilliaat star, 
reflected hrom some smooth portion of the sea. In fact, considedng that 
much more than half of our globe is covered with oceans, and that most 
of the remainder is liable to be obscured by clouds, the lunar astronomer. 
In looking at our earth, would often see hardly anything but water in one 
lonii or other. Very likely he would come to the conclusion that our 
> globe was fitted to be a residence for only amphihiotts animais,* 

A description of the lunar llmdscape^ and of the physical condi- 
tions obtaining on our satellite will be found in later chapters. 


(^) 



Moon when in apogee, i.e„ farthest' 
from the Earth in the course of its rfr I 
voiution>-an event which occurs sdso ' 
mice in a sidereal month 


248,747 mile. 


DistaiKe irom which, to a grace' 
voyager ‘ stationed ' in th#liea- 
vens, the Earth would periodi- 
laJly be visible as a shiniira mb 
of the mime size as a Full Mdbn 
iM^raan from the Earth . 


About 800,000 miles 



lilts obtain maltiplyJng the mottiy Bsatsst 

tancs ( 2i^*50O |D» ) by the length of the earth’s iniM.|< diaineter 
i[7,9l8 m.) and Riding the product by the Imigth of the oioon’s 
diantiSter 

A space voytww soaring into the heavens and keeping more or 
less in the {dane « the earth’s orbit, vroold, if lie obswved the earth 
for a twelve-monA, witness imposing changes to its face ftom 
time it appears as a bright object He would behold, with wonder 
aiKl delight, our planet passing thndi|di ^ same cycle of biases as 
the moon does to an observer on the earth. He would see in 
succession a Crescent Earth, Half Earth, Gibbous Earth, Full 
and after a break due to the new phase the same changes m leveraii 
order, a waxing and a waning Earth — strange, nnfamiliay terms 
^ — as die earth moves in its orbit If, however, he rises from 
the earth in a direction perpendicular to its orbit, neither the esnth 
nor the moon will show*to him any material variations in tTiftir 
phases. They will appear more or less as Half Earth aid Half 
Moon all the time. 

But coming lower down, if he continues to keep between the 
earth and the moon within certain distances from them, he will 
observe the various phases of both simultaneously. These phases 
he will find to be complementary to each other: when the moon 
is new, the earth will be full; when the moon is crescent, the earth 
will be gibbons ; when the moon is half, the eardi will also be 
half ; Itrhen dte moon is gibbous, the earth will be crescent, and 
when die moon is full, the’earth will be new 1 The earth in its 
bright phases will shine with a bluish light for reasros explained 
under Item 4. {lext in grandeur to its full phase will be the cresoraih 
agreat illuminated arch stretched across the black firmament with a 
diameter ( lore die straight line joining the horns or cusps ) varying 
according 4o the distant he keeps, from 5 to 10 times that of the; 
crescent moon as seen fix>m the earth. And further, if he keeps aB 
the time at about four-fif^te of the way to die moon, he will see 
both the bodies equal in size asdiey undergo their respective ph ai ^ 
Here die most unique iprill be the had phase, when he wiU sesii ' as 
It wersi two inoTOs of the same dze at the same time, a tinidt 
,32 







W SHie and a ailvtay g{Bii|,oo tl» od)«r. ud bot % the 
ediMtt ba oaold not laadOy distingnii^ Ibf one body firOm Oft«r. 


(7) Nearest Distance to which a 
Comet’s head has evo: ap- 
proached the Earth 

Not*.—* It was Laxell's Comet, and this record a] 
Jvif 1770. In Hindu A str onomy a Comet is known as 



Appraiimatt Ssta$iti 
‘^romOuBarOt 

(SmiUtoa tnflea 

Lch occ u rre d on bt 
itu. 


(B) Nearest approach to the Earth) 
of an Asteroid (minor planet) } 


About 2*5 rntOiou m. 


Note.*-’* The object is the new asteroid discovered in May 1932 ( see 
Chapter XV). 

* In HSndu Astronomy the asteroid is known as Upagraka^ 

(0) Asteroid Eros when it is simul-'j • • 

taneously at perihelion and ini* 13*84 million miles 
opposition ) 

Not*.— Such an ai^oach occurs at intervals of about 38 years. An 
asteroid or a planet Is said to be at perihdion, when it comes nearest to the 
sun, and in opposition when that body, the earth and the sun lie nearly in a 
strait line, the earth onning between. An interior planet, te., a planet 
mrliose oittl lies within the orWt of the earth, like Mercury and Venus, can 
howfver never come Into opposition. 

(10) ibterold Albert at favourable) jg ^iHion miles 

perihelion ) 

(11) Nearest Distance of Interior) 

Planet Venus— SAifib'a in Hindu > 26 million miles 

Astronomy • . J 


Such a neat approach occurs at the time of inferior copjonction. 
when the planet comes between the wsth and thi sun. 

Venos is the brightest of the planets, owing to its exceptional 
pomr of irfiecting the li^it it receives from the son. In brilliance 
it soepasses aB the heavenly bodies except the son and fhe 
PelB^ an interior or inferior planet, Venn% gems through the who ® 
cycle of phases wddbiteS by toe moon, but the configoWtipns o i s 
^^phases dafet. It fwpears from earth as a toin 
s liiii as toe ctescaiM foiins part of a circle si* timto Iweger than 
fe Mi, it 1^ Inightest in toe ewsdent w 



tll0 hol^ of its splendoiw, ^ caa be eas^ seSQ in broad ^ 

wi(b tbe oaksd e]re<> The maximnm bri^ as die X 

Morning Star ( Loclfer or Phosphorus) or as i^e Evening Star 
( Vesper or jHtesnraros ), occurs about 36 days before or after its time 
of inferkv oonju^ioo. It is then 6 times as bright as Jupitm:, or 
15 times more vrilliant than Sirius, the brightest star in the 
heavens. I 

The diameter % Venus is about 7,700 miles, while that of file 
earfii is 7^927 mil^ The planet is thus nearly as large as file 
earth. I^s density is about 0*^ as much as the earth’s, and mam 
0-81 of that of our globe. Its weight would therefore be about 5 
sextUlion and 340 qnintUlion tons. It takes 225 days to make one ' 
revolution round the sun. Its rotation-period is still .in dispute^ 
though Professor W. H. Pickering has declared from his obsenm^ « 
lions that it is about 68 days. 

'The earth-moon system as seen from one of the nearer planeta 
vould have the appearance, of a brilliant double star plainly visible to 
the unaided eye. From Venus, for example, the earth would appear modi 
brighter than this planet ever does to us, while the moon would be as Isight 
as Jupiter. It seems probaUethat the contrasting blue ctdour of the earth 
and the ydlowish hue of the moon would add much to the beauty oi this 
spectacle in the ddes of Venus. ’—Baler 

A^oxtmafe dIsISHct 
from the Eartk 

(12) Nearest Distance of External I 

Planet Mars— Mangala in Hindu ?■ 34-6 miiuon mOes 

Astronomy J 

Note 

• 

The orbits of the principal planets are nearly circuMr. Th^ 
ate ellipses of small eccentricity, but the path of Mars is marked^ 
eccentric. 'The^ result is that the distance of the plamt from the 
earth durii^ its opposition periods is not constant 

External or snperior placets do not show the entire orde of 
phases thal the moon does, though their configurations are similar to 
ihe moon's. At conjunctions and oppositions, these planets ate full, 
and in other positions h^hly gibbous. • 

Mars ooones nearest to the earth at a favootalde opposition, u 
when bofii t^ are near perihdion. While it isyisiWe to fiws i;; 

^«d a^ a| ^1 opposite it is seen at ite best at a favotHM ; 



q ppipS^. for it is fidl aiad ^iaes mi il liuss (Bsc tp$& « xed 

li{B^;ii(oeUii!« Jvpit^ bdlliaot^. StM^ s favoamt^ opposi&in 
oo(^ at intervals of IS to 17 years. AftM’ 1909, itoccorrad iia 1924. 

diameter of Mars is 4,215 miles. Its maA is nearly 0<ll, 
*. Si, slightly over a tenth of that of the earth, soithat its weight 
sroold be aboot 725 qaintillion tons. Its rotatioptime is 24 hrs. 
37 m., and revolntion'period 687 days. 

Mars is also called in Hindn Astronomy Kuja^Bhilmipuira (son 
of dw earth), and owing to its ruddy lustre^ Ldhitaka ( resembling a 
mb7 in colour). 

Apbn>tlmBt€ dtttanee 

# from ike Earth 

(13) Halley’s 0>met at perihelion ... 4i*s maBon m. 

Note.— 'The comet returns to t^ pdnt once in 76*5 ye^rs. 

(14) Mars at average opposition ... ssmitBonm. 

(15) Nearest Distance of Interior 

^anet Mercury— JJinifai in 

Hindu Astronomy 

Note 

Mwcury is the nearest planet to the sun. Its orbit being highly 
eoomtrK:, there is very considerable diderenoe between its aphelial 
and perihelia] disUmces. Its orbit is said to be more eccentric than 
*ti«t any other planet. But if similar figure in respect oi the 
newly discovered planet Pluto be sqtprozimately correct, it would 
pirt Mmcnry completely in the shade in so far as concoms orbital 
eccentricity. Mercury comes dearest ty the earth at an inferior 
oOigmmtion when the former is at apbdkm, at its fart^t dis- 
tance frmn the sun. 

> Both Venns and Mercury, at inferior conjunctioK rise and set 
mdi the emh and as their unlit hemisphere is then turned towards 
the oeri^ the planets are not visible to us. At superior cpnjnnctioo, 
»A, wbeia the son c(»nM between the earth and the planet, the 
phole of i^ir iHomina^ side is turned towards os, but as even 
thm tibey rise and set with the wm, their light is imurily lost in ds 
Ih pdier po^^ Mercury is vudMe to dto unsiiM sys ss 
1 more « fees ornMsent'Shaped body, for some d|^ hi autu^^ “ 
^ M as tl» andmri nftro^oi^ wbw*^ 






Sl'Smilliim nu 


a ^nri M. and odettdoA in sprinf as flia Bvatdog Stor ( Henowj 
after soiHSt* tnaximom eloHagafion from : 

Xhs diaoJ^wr ^ planet is 3,100 miles. Its mass is OKH of 
that of the eEOtb. It woald thus weigh nearly 264 goiotillion teas. 

I Approximate dUUme 

1 from the Batih 

(16) Maxieaun Distance of Mars in' 

* 62-9 mJDtaiiii. 

tion whea both the planet and 
the earth are at aphelion 

(17) Nearest Distance of the Sun, i.e., on' 

the 1 st of January, when the Earth is . gi. 5 ,^ ^ 
m perihelion in the course of its ^ 

revolution . 

^( 18 ) Mean Distance of the Suh ... asmaiioBni. 

Note.—* As all the planets ioduding the earth revdve in dliptical orf ‘ 
with the sun at one of tilie fod, their distances from the sun vary in 
c()urse of their revolution. But the orbits of the Earth and Venus 
very nearly circular. 

(19) Farthest Distance of the Sun, on "l 

the 1 st of July, when the Earth is in 94*5niiiionni, 
aphelion J 

(20) Farthest Distance of Mercury— occurO 

ring when it is simultaneously at aphe* ?• ^ nuUion m. 
lion and superior conjunction ) 

(21) Farthest Distance of Venus— occurring'! 

when simultaneously at perihelion yiwmiUKmin. 
and »]perior conjunctioi> J 

(22) Farthest Distance* of Asteroid Eros;-') 

dbcurring when simultaneously in >■ 22 / muitoB m. 
apbelio^ and conjunction J 

Note.— An Btteiraid or M external i^anet is said to be in oonjonction 

when the sun (BooMe between that body and the earth. 


on "I 
th is in ^ 


94*5 mUion nu 


136 million m. 


227 mSlion m. 


Farth^t Distance of Mars— oc^rring ] 
when simultaneously in aphelion and |- 
ctmjunction ^ J 

Nearest Distance of External Pjwwt') 
Jupiter— Gifftf orBrahaspaU in Hmdu I 
Ai^ntnhy occurring when m 


246 mOlim m. 


367iniU«iitilk 


IIS 



; is visible to tbe onaide^ eye as a ytKcy bdQia^ tAiject, 

ilNrt siariassed by Venas, and occasbnally by Mars, in bricd^tness. 
K is. easily distinguished from Venus, for the latter is not visible at 
tnidnigbt, while Inpiter can be seen even at midnight. 

Jupiter is tbe largest of the planets, with a jiameter of 88,640 
mUes. As the sizes of spheres vary as the cubw of their 'diameters, 
it is thus nearly 1^400 times larger than the Jarth. Its dendty, 
however, is about .pne>fourth of the earth's. It/mass b only 316*94 
tiines that of our globe. The weigA of the planet would thus be a 
little over 2 septilUon tons. It rotatimi-pariod is only 9 hrs. 56 m,, 
ud it 11*86 years to complete one revolution round the sun. 

Appraimattdi^anu 
from tko Earth 

<2S) Farthest Distance at which Halley’s j 
Comet has become visible 5 

Note.— It was noticed as a tiny hazy patch when 
the tdeacope. ' 


S92 millipifBi. 
viewed throi^ 


(26) Farthest Distance of Jupiter— occur*') 
ring when simultaneously in aphdion 
and conjunction 


I 


600 million m. 


(27) 


Nearest Distance of External Planet' 
Saturn— S/uzm in Hindu Astronomy 
—occurring when in favourable op- 
position 

Note 


745 miiUon m. 


-Saturn b the second largest planet. It usually appears to the 
l^ed eye as a yellowbb object, just as’br^t as a star 'of the 1st 
: nuvNittuie. Its equatorial diameter is 75,100 miles &nd polar 
dbuEoeter 67,200 miles. In shape, tiierefore, it ja an ellipsoid. 
Jib density b only about one-ei^th of the earth's or 0*69 
' of water, thoi^ in size it b ovtf 780 timM larger than oar 

globe. Its mass b 95*2 times the earth’s, so that its us^ht would 
be about 627 sextillion tons. 

, As a {dauaet’s rotation-pmiod is detttii^ned fay obsorvation of any 
pormaneot or hmgstandtng spots, tbe virtue iidMence (d spob on 
Satnra’smirface makes soch detMnginatimi dififoolt. Astr<»x>me^ 

■ have bqwevte ttechee de d in tracing ^ Jew spohp neair plaaets 



eqoatori fijaw fti^r teve cal<»]ated Its rotati(m''^iod 

be aboot lb 14 «. its periodic time is giyao as 29*5 yei^ 

Ovittg to its ring system, Saturn is the most beantifoi telescopic ’ : 
object in the wijde host of heaven. Its rings are not continnmis 
sheets, bqt cwxsist « a number of objects resembiihg a swmrm of 
meteors tevdving i^and the planet. 

Ap^vximUJislan^t 
from Ou Barth 

1 1.027 mlDion or 
I l'Q27biI]kmm. 

(29) Nearest Distance of External Planet 
Uranus — occurring when in favour- 
able opposition 

Note 


1. 1-609 NUion m. 


(28) Farthest distance oS Saturn— oc;cur- 
ring when simultaneously in aphelion 
ana conjunction 


S 

I 


Uranus is barely visible* to the unaided eye. Its diametw is 
52,000 miles. It is thus nearly 66 times larger than the earth, but 
its density is only one-fourth of that of our globe. Its mass is 14*6 
times the earth’s. The weight of the planet would therefore be 
about 96 sextillion tons. It rotates on its axis in 10 hrs. 42 m^ 
and its revolution-time is a little over 84 years. 

Hindus call this planet Varuifa. 

(30) Farthest Distance of Uranus— occur-") 

ring when simultaneously in aphelion 7 i-ssibiOionm. 
and conjunction ^ ' 

(31) Nearest Distance 5f External Planet 
Neptune— occurring when in favour- 
able opposition 

Note 

Neptune is invisible to the naked eye. Its diameter is 31,000 
®Ues, so tharit is nearly 60 times as laige as our globe, but its 
density is only 0*24 of the earth’s. Its mass Is 16*9 times that of 
the mrth. It would thus weigh about 111*4 sextillion tons. Nep- : 
tune’s rotation-time is given by some astronomers as 15 bte.; 
^8 m,^ but accwc^hg to Jean^^ its rotation-period is unknowiU: 
Its revolufbn-peripd is 164*8 years. 





. (32) Nearest Instance of extariia^ Planet V 

P!uto--<-occurriiiff when in favourable > 2*5TOi)iiijonm. 
opposition « 


Note 

This planet was discovered in 1929 by tm Lowell Observa- 
tmy at Flagstaff* Arizona* U. S* A. Its existenn had been suspected 
for over half a century owing ter the discoveryf of minute perturba- 
tions of Uranus* not^osed by Neptune but by the gravitational 
poll dl some unknown planet Among the earlier astronomers who 
attempted to track it down were Pickering and the late Professor 
Percival Lowell. Its density has not yet been ascertained with any 
precision. As for its probable size and mass compared with those 
of the earth* the latest information we have come across is that 
contained in an article contributed to Sdentifio American of May 
1932 by Dr. H. N. Russell, Director of, the Observatory at Prince- 
ton University* U. S. A.* who says 


' Direct calculatioi^ of the perturbadons of Uranus and Neptune by 
Pluto ^ow that the former at least could be detected if the new planet’s 
maaa were greater than the earth’s. Moreover, the faintness of the planet 
and the failure of experienced observers to see any perceptible disc 
with the greatest tdeacopes. indicate that Pluto must be smaller than 
the earth, and probably no bigger than Mars ; in which case its mass 
is dottbtSeM correspondingly small Unless Pluto has a satellite bright 
enough to be photographed with the great reflectors, it may be a tong 
time before we have any accurate knowledge of Its mass. ' 


> Under these circomstaocA it is at, present impossible to calcu- 
li the inrobable weight of Pluto* 

(33) Farthest Distance of Neptune-occur- ) V 

ring when simultaneously in aphelien 1 2 *)ibaHonm, 

^5 aim conjunction J 

p4) Farthest Distanceof Halley’s Comet— ) ^ 

occurring when simultaimously mi|«*i®'Miiionin. 
aphelion and conjunetkm ) 


Tbe neuest disunce to whldi iUs body the sun 

m miffioa nilM^ flie comet then ooroiiigjettlda the oAit 
Itsaph^^atliQee hi aa great aa 3.w» adlBott w ttoes 
The^^ l agwa wit tag ita orbit nuat tharafova ha ipl artniM 
tionoraeoaiitfkity. * 


• * 



■ ■ -'r-. .. AfiptmrimakiS^Mui^ 

(3S) Faxtbest Instance of nuto—occur- 
ritif whai simultaneoudy in aphdkm 
and conjunction 

Note 

If Plato’s disokaces from the son as annoaooed are approzi* 
mately correct, proportioaately larger difference exists Iwtween 
its peribelial and alpelial distances than in the case of aiqr other* 
pianeti This most be doe to the extraordinary eccentricity oi its 
orbit There wooid cooseqaently be times vhmi Plato follows a 
coarse wiQiin tiw orlnt of its nearest planetary nei^bonr, Neptane, 
after crossing its padi. 

It was annoanoed some time ago that a photographic plate taken 
by the Canadiaif Observ a tory at Ottawa in 1924 revealed, when 
scanned 6 years later, tlw existence of a heavenly body beyond 
Heptane and that Shapley bad given the wei^t of his aatfaority to 
,the annoanceraent that this body was another trans*Neptnnian 
planet Now comes the repeat that Pickering claims to have defi- 
nitely discovered this other planet which he has for the present 
named * Planet P'- Its existence is said to have been first indi- 
cated by file ‘wobbling* of Uranas. Pickering describes it as a 
gigantic world with a diameter 5 times that of the earth and revol- 
ving roond the son at a distance of perhaps 9 billion miles, and 
says that its year is 656 terrestrial years in length. Bat Sir Frank 
tkyson, the Astron(»ner Royal, is cantioos on the sabject of this 
reported discovery, and remarks that he woold be inclined to be 
sceptical if Pickering has baW his conclasions on the perturbations 
of Uranus. UntU, therefore, the existence of a tenth planet beyond 
Pluto is finally ^confirmed, we must look apon the lattor as fi^ 
oatpost (d the aoiar system. 


} 


4«2bmontii. 



CHAPTER XI 
Hie Moon 


O moon I the oldest shades ’mong oideMtrees 
Feel palpitatioas when thou lookesl in / 

O moon! dd boughs 11^ forth a hoUer^n 
The while they fed thine Idry fdiowship. 

Thou dost bless everywhere* with silver lip 
Kissing dead things to life. The sleeping kine* 
Couched in thy brightness, dream of hdds divine ; 
Innumerable mountains rise, and rise. 

Ambitious for the hallowing of thine eyes; 

" And yet thy benediction passeth not * 

One obscure hiding-place, one little spot 
Where pleasure may be sent • • • • 

. . f • 

The monstrous sea is thine— the myriad sea ! 

O Moon I far spooming Ocean bows to thee. 


—Ads 


The most important theory of the origin of the moon is 
that it was formed by a huge fragment wrenched of! from 
the earth mmre then a billion years ago. It is believed that 
our planet, when born, was a perfect sphere of gas. This 
gaseous ball was spinning so rapidly that it first took the 
shape of a spheroid and then of an egg. As the oval mass 
Goolhd and condensed into* a liquid, it began to spin with 
eyai greater rapidity than b^ore until it assumed the form 
of a pear. *The stalk of the pear developed abulb,and the 
of the stalk became thinner and thinfler.' The day 
iK)W only three hours long. ‘Tides raised the sun 
aided centrtfugal force in distorting the earth.* The liquid 
pear, which had been covered by this time with h crust 35 
oifles thidk, could not resist this combined on^aught The 
Stream of matta tSit formed the bulb was suddenly tom 
rtf. la Uus great planetary catastrophe our satdiite was 
Softie artrohomers hold to aioother theory* 
the harth mrar filled by the I^dfic Ocean fuppned the 
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material that went to form the moon. This theoiy Is refu- 
ted on the ground that the Pacific basin is only lySOth as 
large as the moon and that a quantity of matoial mough 
to fill even three oceans— the Pacific, Atlantic and Indian 
—would not sufiSce to make up a moon. 

(Xall the heavenly bodies, the moon, to us on the 
earth, is second only to the sun in importance and interest. 
It is the n^rest^ us of all the celestial objects. Its appa- 
rent big fflse is ^ue to its very small distance from us, 
compared with the distances of the sun, the planets atwf 
thestars. It is spherical in shape and is one of thesmallest 
bodies visible in the heavens. The moon’s diameter is 
about 2,160 miles, so that its volume is only about l/49th 
of that of the earth. Its density is about 0*6 as much as the 
earth’s, as the moon is composed of relativdy lighter 
materials. Its mass is 1/81*56 of that of our globe. The 
weight of the moon is thus 80 quintillion tons, or 58 times 
the weight of all our oceans. 

Like the sun and the planets, the moon also rotates on 
its axis. It is the earth’s sole and faithful satellite and 
revolves round it in an elliptical orbit in about 27J days. 
This period is called a sid^eal month. The same also is 
the moon’s rotation-period. One result of its revolution 
is that the moon changes its appearance from day to day 
in the course of a month. These changes, as seen 
by us, are called Phases of the Moon. The interval of 
time between two phasqs of thd same kind, betweoi 
one full moon and the next, is known as a anodic or lunar 
month. * Its length is slightly more than 29i days. 

The moon 4s not a self-luminous body. It is a darl^ 
sphere like our own globe. It shines solely by reflected 
sunlight, and accordingly only one half of it is lit up at a 
time. In the course of its revolution, its illuminated hemi- 
^here is presented to us in varying proportions. Thus it 
is that we sometimes see a crescenC sometimes a half, 
sometimes a ^bbous moon, and at other times a full moon. 
When the moon is in conjunction, is., comes betweaa the 
Wrth aM tl^e sun, its lit-up side is completely turned away 
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T^ ino(m always toms the same side towards os. We 
<^tterefore oever obtain a view of its other hanisphere. 
this is due to the drcomstimce that it takes exactly the 
same time to go once round on its own axis as it does to 
complete one revolution round the earth. 

Examination through a telescope sho|^s the lunar sur- 
face to be extremely ruggoi* The moon's details have 
bflwn dosely studied with the help of this instrument and 
have even been mapped. Its surface is strewn with era- 
tera» mountain chains, plains, rills or clefts, and ‘rays’, 
mimy of which have b^ given names for identification. 

* The crat^ are con^icuous ring-like objects scattered 
ewer the nxxm’s surface in profusion. They are believed 
to be i|s eitinct volcanoes. The smallest of them, or cra- 
^tolets^ sue’^ 1^000 feet across or leas, but some are of 
'^^rmotts size, the largest measuring as much as 150 
miles in diameter, and are surrounded by lofty walls like 
crendlated ramparts rising to a maximum height of 
24, Odd ft They have thus the appearance of vast ampbi- 
th^tres. The total number of craters of all sizes has 1^ 
estimated at upwards of 30,000. 

The mountain ranges are few in number. The most 
pfomineQt of them are called Apennines, about 450 miles 
tSBg, the highest being the* Leibnitz and the Doerfd. Near 
the south pde of the last two ranges and almost beyond 
tfae moon's limb, there mre peaks vdth devations of 26,000ft. 
Sr Robert Ball says that thefaighest peak of die Ldt^tz 
lis been found to be more than 41,900 It above a neigh- 
boaring valley. By way <xf commoit be adds that, in com- 
paibig the heights oi lunar mountains with*those of 
terzeeliM ones, in the latter case the d^ith of tte ocean 
bnM be added to Hkt devations of tbe peaks, and that 
cdcalafeed on tfos basis, the h^tbMt mountains the 
earth to be higher tton aiw tfo 



pftn tee aaMl^t indiMtiditui 

tfaftM of tifaji 

11« covering part «$ t]te moo^s aurf^ 

and 00 cooutidcttous at an ordinary foil nio(»i, represient 
the plains. They were believed to be seas by tetronmnefs^* 
before the invention of the tel^cope. The nomber of such 
'seas’ is 14, and though they are r^ly deserts often gov^ 
ed with craterlets tmd rocks, their names—Afarv FoectthS- 
taHs, Mare SerenS^Us etc.— are still retained. The largest 
is Mare which is a little over 700 miles across. 

mils or are deep, narrow, irregular chasms, about 
half a mile across, between parallel ridges or elevated por« 
tions. More than 1,000 such abysses have been discov^ed. 

Rays axe n syeltem of bright streaks, with a maximr^ 
width of 10 mite, which radiate from the vicinitte of some 
of the craters and generally traverse mountain and Valte. 
At full moon, Copemi^is, one of the grandest and Itet 
known of the craters, is seen surrounded by th^streak^^ 

In the course of its revolution round the earth the moon 
comes in opposition from time to time, so that the 
earth finds itself between the sun and the moon. Our satel^ 
lite sometimes passes then through the earth’s shadow and 
is obscurcil. It is then said to be eclipsed. Lunar eclipses 
occur only when the moon comes in opposition at a full 
phase. They may be either partial or total and are visible 
wherever the moon is above the horizon at the time. They 


are thus observable ov^ mord than half of the earth, 
taking mto account that portion of it which, during 
the earl’s rotation, keeps the moon into view. A total 


eclipse may last as long as four hours. 

A peculiar phenomenon noticeable in clear weather at a 
total lunar eclipse is that, in spite of its surface being 
darkened^^e moon sends forth a faint reddish light. Sun? 
light traversing our atmosphere near the edge of the earth 
is refracted into its central dark shad<^ and the enfeebled 
l^cnms impart to the moon a dull light of coppery ht^ 
Occafflonaliy the parts of the moon’s disc the edg^ .i^ 

theshadn^shpwaWuish-grey tint^ A lunay edipsa 
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dies one more inroof that the earth is round, for the earth's 
shadow falling on the moon is seen to have a drcular out- 
line. But the phenomena accompanying lunar eclipses are 
of little astrophysical interest to-^y tmlike those attending 
'eclipses of the sun. 

The moon’s gravitational pull is only i of that of the 
earth. Thus a body falling at the earth’s surface 16 feet 
for the first second would fall only 2 ft. 8 inches for the fet 
second on the moon. A man weighing 125 lbs. on the 
earth would weigh only 21 life, in the lunar world in a 
spring-balance. fHe would not very much mind a jump 
from a height of 42 ft. there, for it would mean to him no 
more tten a 7-ft. jump from a wall on the earth, and it 
would take him six times longer to reach the ground. 
Similarly, a leap from the ground there would take him 18ft. 
high, while he would only rise a yard on the earth. 

The moon, by its power of attraction, causes the daily 
^b and How of the tide — the scavenger of our seacoasts. 

We reserve a description of the extraordinary physical 
conditions on the moon and of the lunar ‘skyscape’, fora 
later chapter. 



CHAPTER XII 

The Sun 

Oh I what pencil of a living star 
Crald paint that gorgeous car, 

InVhkh as in ^ arc supr<»nely bright, 

Hie Lord of boundless light 
Ascending calm o’er the Empyrenm sails. 

And with ten thousand beams his beauty veils. ’ 

— Hymn io iht Ssut : Tran^ated by Sir W^ilbam JoUts^ 

Yonder comes the powerful king of day, ^ 
Rejrdcing in the east The lessening cloud. 

The kindling azure, and the mountain’s brow, 
niumed with fluid gold, his near approach 
Betoken glad. ^Lo ! now apparent all, 

Adant the dew-bright earth and cdonied air, ^ v* 

He looks in boundless majesty abroad ; 

And sheds the shining day, that burnished plays 
On rocks, and hills, and towers, and wandering streams, 
High-i^aming from afar. Pi^e cheaer, L^t ! 

Of all material beings first, and best ! 

Efliux divine 1 Nature’s resplendent robe ! 

Without whose vesting beauty all were wrapt 
In unessential gloom ; and thou, O Sun ! 

Soul of surrounding worlds ! in whom best seen * 

Shines out thy Maker ! ma^ I sing of thee ? 

, —TkomsoH 


The sun is the great dispenser of light and heat to the 
earth and the other planets. Little wonder, therrfore, 
that it was worshipped by the ancients as the visible 
emblem of divine power and glory. 

The sun*8 diameter is about 866,000 miles, and as the 
ui®an diaw^ ft tef of our globe is 7,918 miles, the sun is atxmt 
1*300,000 times kurger than the earth. is about ToO tim^ 
larger than all the planets put together. 


Our luminary is an immense globe of white-hot 

is estimated at between ^ 



mi caattid ittOQ^Mi^t^ lySSicm deg. c. 
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arenas would Inreak up in |l, so that no at(Hxn> oi this ele- 
could exist at the j^iun’s centre eacept oiily as a 
promi^ous flock nudei and diectrons flying about 
fadttf -skdtar. But terril^ as tins heat is» it is not suffici- 
ently powerful to completely break up othor types of 
aton^ While these latta: are losing their outer dectrons, 
thdr hndei are holding the hmomost electrons in so tight 
a grip tha\ even so terrific a tenfperature as 40 million deg.C. 
is too w<^ to dislodge them. 

Until recently it was assumed that the temperature at 
tie seflar mirface was uniform throughout, but according 
to a ne# tbemy advanced by Professor Albert Einstein, 
the solar body is cooler at the equator than at the poles. 
Einstein bdieves the movement of the atmosphere over 
the , sup’s surface to be due to tte ipequality of temperature 
between As pol^ and its equator. This difference is ac- 
counted fdr by a nkne active radiatiem alm^ the equator 
than at the poles, which makes the surface less hot at the 
equator. The sun’s heat is so int^ise and its light so dazz- 
ling that great care is taken in viewing this body through 
a telescope. A special eye-piece with a suitatfle dark glass 
is vseA as a protection for the eyes. 

The total number of known elements is 92, of which 90 
are |^od on the earth. The solar spectrum has shown 
that in the sun’s atmospfafere 61 dements are represented 
with varying d^ees of probability, all in a gi^us or 
inuporous state. Chief among these are hj^rogen,' helium, 
ogeygen, nitrogen, carbon, suhihor, sodium, pdassium, 
c^ditim, cobalt, nickel, iron, copper, dne, tin, l^d, 
aluminiiim, magnesium, manganese, stiver; chromium 
and stfuiiitimn. Oxymi, nKzwgcfif carbem and milphur 
■miak- % atomic dat^ and a lari^ proportkm of tte 
bcciir m tMwneutrid as wefi as Ionised stat^ fl 
the tidall^temry ofilhe or^hnn of the aofaw wf<steBi-->whidi ^ 
M hw imhii^Wacbed in xeemo. smths bp a few scienter 
other etementafoiii^jcw 
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Iiave not tieen so far traced on the sun nrast be present in 
its interior. 

The bright^ visible escteriol, of the sun is called the 
Photo^here. It is this part—a rdati vely thin layer of intense* 
ly hot, cloiid'like, condensed vaiif>urs— -which sends forth 
all the heat and light received by the planets. It was for 
centuries bdieved that the sun had a pure anth spotless 
surface, but in 1610 Galileo, the great Italian astronomer, 
discovered throt;^h his telescope, for the first time, dark 
spots on it. These are called Sunspots. They are immftnae 
volcanoes which, according to one theory, are produced 
gigantic whirlpools or vortices set up between the gsreat 
moving layers of superheated, glowing gases within^ the sun, 
'each a spiralling funnel moving at incredible velocity, 
hurting up clouds of hydrogen, calcium and other elements, 
sucking the fiery vapours back into its capacious crater 
where atoms are smashed, stripped, excited into intense 
■ radiation and bombarded into space.’ Thus every sunspot 
that crosses the face of the sun pelts the earth and the 
other planets with a hail of these electrical missiles. It 
has been found from observations extending ovmr more 
than two centuries that the number of auroral displays 
over the ear^ closely follows the* number of spots on the 
sun. This is the most important datum on which many 
scientists base their view that aurorae are caused by this 
bombardmmit from the sun. It ^ this bombardment, again, 
which in their view produces such terrestrial changes as 
cold waves, droughts, floods and those atmospheric distur- 
bances known as magnetic storms which are frequently 
accompanied *by earth currents of electricity, sometimes 
powerftil oiough to seriously interfere with the working of 
the telegraph and tdephone lines and submarine cables. 
They alsS believe that it is the collision of these high-speed 
ionized partidra ejected from the s^ with the 'atoms 
of our uppmr air, that is responsiBle also for^e radio 
difficulties which recur with the increase of sunaP^ts. The 
activity of a smu^t continues until the i^t^mal^ressore 
^ idlevedL It is 'as though the sun had occaSo^ 8tomad^ 

3 + . . • * 
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ac^ caused by theformatioii of gas.* With the subcddence 
d the pressure to a point which is less than the weight 
of the outside layer of the ran, the crater closes up. 

Sunspots are mainly found in two zones on each side 
of ^e solar equator^ in latitudes higher than 

3S^ Their dimensions vary considerably. Some are very 
small. Jhey are sometimes so enormous in size that they 
are frequently visible to the naked eye at sunset, and at 
other parts of the day can be ^bserv^ tfirough a smoked 
Sdass or a piece of densely fogged phot<^nraphic film. They 
oftoi appear in clusters, and a large spot is often attended 
by qpveral smaller ones. One large group of spots obser- 
ved in February 1892 was found to be about 1^,000 miles 
long and 75,000 miles broad, thus covering an area of 
about 11 billion sq. miles on the face of the sun ! Another 
vast procession was observed in October or November 1929, 
which, according to report, extended along the solar disc 
over a phenomenal len^h of 700,000 miles, more than 
four-fifths of the sun’s diameter! One other remarkable 
hictor about this unusual outburst was that it had been 
predicted by Dr. Stetson ten or eleven months prior to the 
occurrence, with such data as previous sunspot records 
afforded as to their pei;iodicity. A giant spot observed 
on 10th March 1929 is reported to have bOen about 1-5 
l^ton sq. miles in area. 

Telescopic examination of the larger sunspots has 
shown that they usually Consist pf a central, apparently 
daric nucleus called the umbra, surrounded by a. lighter 
margin called the penumbra. The penumbra is seen as a 
dense ring of filaments, looking like blades of straw, radia- 
tkg towards and usu^y curving in the direction of the 
qxH-centre. Both the umtna and the penumbra are in 
fact exceedtn^y luminous, but appear dark only by con- 
trast wi||h their much bright^ phott^heric envelope. 

The average dtSfhtion of sunsets is three to four 
weeks, tiitlagh <me1^t lasted 18 months in 184041. The 
•mailer o^.^ten disappear within a few days, in some 
cases few hours. SaaspotB wax apd wane m 
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butiOT in laHttK^ of the spots adso sfaovra ii periodic change 
during the sunspot cycle. 

An inniPCKrtant discovery was made in 1909 at the 5«rfar 
Physics Observatory at Kodaikanal { India ) re garding the 
structuri^of sunspots. It is since known as the ‘ ^vershed 
Effect’. W. John Evershed showed that in the penumbrae 
of ^x>ts the metallic vapoyrs indicate a radial movement 
outward from each spot-centre, the velocity of movemdit 
amounting to over 2 km. per second at the outer limits of 
the penumbrae. He also showed that in the higher Chromos- 
phere, a region of the sun’s atmosphere described below', 
ioniz^ calcium and hydrogen vapours show an inwaM 
rddial movement towards the spot-centre, the velocity of 
this flow being about 1*5 km. a seo}nd. 

In the vicinity of sunspots are frequently seen brilliant 
'stres^s or patches called faculae, a Latin term mean- 
ing ‘ little torches ’. They are most clearly observed when 
they come to the limb or circumference of the sun, as the 
solar disc is less bright at the edges than at the centre. 

The lowest layer of the sun’s atmosphere, which lies 
immediately above the Photosphere, is called the Reversing 
Layer. It is a few hundred kilometres in thickness and 
contains all the elements found in the solar atmosphere. 

At ordinary times the^less luminous appendages of the 
solar disc are not visible.* These wonderful phenomena be- 
come visible at a total eclipse of the sun, an occurrence 
briefly dealt with later. The solar envelopes then to 
be seen are 

(1) The Chromosphere, which is the upper stratum of 
the solar* atmo^here, extending immediately above the 
Revering Layer. It is so called owing to the coloured lines 
shown in its ^>ectrum. It is a brilliani^nd tui^ultuous sea 
of ^rlet flame, 7,500 to 8,750 miles in height, coasting of 
Permsment^ incandescent, non-condensablc gas^'imd ya- 
poura of extpgnie teniri ty, though it is less 
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ses ofthe vapours of the Chromo^here, usually of crimsoa 
eoloar, which are t<»sed from time to time Arom the 
luminous surface of the sun to heights of 100, OW In^^ e 9 
m mcnre. Thdr red colour is due to the glowip hydro- 
gm. Hiey oft«i assume fantastic shapes as ttey rise. 
Since the invention of the spectro^pe in 1868 a 
m^hod has been devised to obsirve them oy means of this 
instrumait even in the absence of a solar eclipse, and since 
than they have been systematically studied. They are now 
pluiographed with the spectroheliograph on every clear 
day. 

IHrominraces are of two kinds, quiesc^t'and eruptive, 
tile former are of huge size, but are faint and remain un- 
changed above the solar surface .like clouds for days 
together. They occur at all parts of the sun's limb. They 
are composed mainly of hydrogen and helium and vapours 
of calcium. The eruptive prominences are brighter, more 
active and subject to rapid changes. Besides hydrogen, 
hdium and calcium, their discharges contain sodium, iron, 
nmgnesium and other metals. They fr^uently leap up as 
murrow tongues of flame with enormous vdiodty. At a total 
edipse of the sun they add to the spectacular grandeur of 
tile phenomenon. Unlike the non-onptive prominences, 
appear only in the SUnspot zon^ Th^ have the 
same periods of maximum rmnimum activity as the 
spc^ «ia, 11 years and 4 months. 

Prctfessor Young gives an account of a remarkaUe pro- 
inineQce seen on 7th October 1880 at about 10-30 a. m. It 
iraa at that moment about 40,000 miles high. Half an hour 
lator it beaune very brilliant and doubled its t»ight. For 
aigrthiv the mighty flame soar^ upward until it 
' attahied th&great Hbight of 3@0,000 mitea At this point it 
seernedifflu^ mchausted its enmrgy, for it broke up into 
lri«men#^^^l^ two hours of ito first appearance^ 

pheni^iRioil Ip completely faded away« Its vertical spew 
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^^HittS 43 mites a second. 7%edi^^of25tli June 1927 
co!itefo8ftrcferenc» to eniptivcpiuminencesobserved which 

shot op to a hdigbt of ^,000 miles at a a^eed of ^ miles 
per seoond or over a million miles an hour ! But this 
height record has since been broken hy a prominoace 
photodtopl^ ot intervals during its rapid rise, at the 
Kodaika^ Observatory, on 19th Novem^ 1928. It had 
reached i height of 5^,000 miles, a value nearly two* 
thirds 9f the sun’s diameter, when clouds unfortunatdy 
int^en^. TheVreatest velocity attained by this pronu* 

I nence was 143 miles a second. * 

\ Incidentally it may be mentioned that it was at this 
) observatory that a shift in the lines of the solar spectrum 
towards the red end, in accordance with the values pre* 
dieted by ^nstein’s Theory of Relativity, was first observed 
in 1914 by Evershed and Dr. Royds, and confirmation was 
I thus obtained of this part of the theory. 

1 (3) The Corona or Aureole of Light, which is a pic* 

[ turesque filmy halo of complex structure around the limb 
I of the sun. It is brightest near the sun but fades away 
I into faint but enormously long streamers which, accordit^ 

[ to Abbot, shoot up to heights commonly of 2-5 to 3-5 mil* 

I lion miles, the greatest height recorded being about 8*5 
[ million miles. The streamers at the solar poles are short« 

I and of a characteristically curved shape. The corona is 
the outermost sdar envelope and is seen as a luminous 
circle of pearly colour surrounding the black body of the 
moon at a total eclipse of the sun. It is like mcMnlight 
streaming from behind a charred and absolutely lightless 
moon ! At such times the corona is one of the grand^t of 
natural phenommia. Eclipse observations during the last 
half*cmitury have shown that it shines parUy by its own 
light but* mostly by reflected sunlight. It is exceedingly 
tenuous and would appear to be composed partly of 
cosmic dust and partly of gaseous matter. 

We know that, when the moon in the course of its 
revolution rou^ the earth comes between the sun and our 

planet ip such a po^on that the centres of the three bodies, 
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if Jqiaed, would fomaftt«ii^tlfaie,«i^ tlwioocNi’t^ 
fla% reaches the earth, the result is a total ediijpse df ^be 
*8uii. This shadow swells across the earth’s surface!*'^ 
great s#lft|iess f nun west to east The totality tluwe^ 
is generally of a few minutes’ duration, the maxni^ 
recorded bang only 7 minutes 40 seconds, and the n^ihmuQ 
barely 2 secoqda The next total eclipse d the 0axi ex- 
pected to be viable in India is inredicted to occut pn 
June 1955, when the regdons swept by the shadow will be' 
Ceylon, SSam and the Philippmea According to ca^ations, 
it will last fully 7 minutes. 

A total eclipse of the sun is a rare sight at any parti- 
cular station. As a q>ectacle, it ranks among t^ most 
aitdime and awe-inspiring of celestial phasomadu The 
astronomer Howe gives a most impressive description of it 
and of the remarkable phenomena which accompany it 

’ Jost before the son is entirely covered, the landscape assumes 
an ooearthly hue. Awe seizes the beholder ; one sometimes sees 
the moon's shadow advancing through the air with terrifyug 
swiftness as if to smite him. In a few seconds it reaches hho, 
and the last ray of sunlight is gone ; the planets and bright stars 
appear. Around the black ball now banging in the sky, the 
pearly ccaona ilaslws out in all its weird beauty. At its base glow 
tile promiueoces, like rubies set in pearl. Men’s faces grow 
^lastly. The silence'of death is upon the beholders. Soon there 
is a sudden flash of snnligfat at the western limb of the moon; 
the corona and the prmninenoes fod&apaoe. The gloom is over- 
past, and silence gives place to exclamatimis of wonder and 
ddlght ’ 

If such is the impression a solar total Sdipse makes 
tgxm man, what is its dfect on animals? Let us quote 
tte answer : ^ 

’Beet return to the hive. Chidcens go to roost Caged l^ds 
pot tiwir b ead s aider their wings. Bats and owls fly wt 
of their accos t omed retreats. Dogs ate tnrrified, and sometimes 
bowl duunaily. Horses have been known to lie down in the 
iml^lug^wi^^aad refose to adwmos. Some mmi were 
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\ '^ipgr to tam tlwMelves ia a circle back to back, witb W 
^ ,fMi|ivd^aaif toreristanattack.* < 

An^tfaer phenomenon usually attmAant on a 

total eclipse of the sun is that known as Baily^s Beads— 
named after the English astronomer, Francis Baily, who 
first noticed them during a solar eclipse. They present an 
appearanfe somewhat similar to a strii« of beads. They 
are the last glimpses we Imve of the solar disc just before 
the cor rtf n e ncemeht of totality and are also the first 
of that disc after the totality is over. The effect lasts for 15 
seconds each time and is caused by the breaking up of the 
narrow crescent of sunlight in several places owing to the 
rugged* mountainous character of the moon’s surface. A 
sincdc bead produces what is called the diamond-ring effect. 

* The area darkened by the moon’s shadow on the earth 
at a total eclipse of the sun is only about 167 miles in dia- 
meter. With the advent of the aeroplane it struck a sden- 
‘tist to attempt to take an aerial photograph of this shadow 
on the earth at a solar eclipse, and Dr. Jeffreys succeeded 
in doing so for the first time from a height of 10,000 feet. 

During a total eclipse of the sun when the earth is 
passing through the full phase and the moon is new, an 
observer on the moon would see its tapering shadow sweep 
across the illuminated disc of the earth as a small black 
.spot surrounded by a lighter circular shadow whose edges 
are not dearly defined. • 

> In a papm* read before the Soci^td Frangaise de Physi- 
que, Mcms. Bernard Lyot of the Meudon Observatory near 
Paris announrad an achievement of high importance, the 
result of a srnira of observations made by him on the sum- 
mit of Pic du Midi ( 9,466 ft. ), a peak of the Pyrenees in 
Stouther^ l^rance, in the summer of 1^1. He succeeded 
in obtaming obamrvations of the light of the corona with- 
out the aid of a total eclipse. Using i^faultless teleso^ic 
objective and stopping it down to aiq aperture of 4 centi- 
metres (1-575 inches) in diameter, he placed in the focal 
plane a faladcened disc whose radius reached an angular 
<^>lstance of *30 seconds ( « 2-5 inches i^ the duodecimal 





^J^- '^iHlaced befi^' the { disc;' 

C0ic9/t lens on a (£aphragna» and die hole in the centne of 
the di^^bragm was covert by a small opaque screen, 
the edge of the diaphragm interospted the light diffracted 
^ the edges of the first lens, and the s(»een cut off the 
il^ht of the son’s image formed by the mtein^l^ection 
from the foces of that lens. A well-corrected ob^ctive 
placed behind the diaphragm^, and thei, screen produced 
an image of the corona. On examination of tlds image 
with an ^e-piece, the prominences could be seen round the 
limb of the sun with a rose-red colour. In particularly 
fayourabie conditions of weather, the corona could be 
photographed by means of a red filter. 

In an article in the French journal, VAstronomk, fdr 
June 1^, Lyot states that the brightness of the inner 
corona is nearly equal to that of the planet Mars, which is 
easdly seen in daytime. 

One of the greatest obstacles to observation of the 
corcma under ordinary conditions is the presence of parti- 
cles of dust in the air and the diffusion of sunlight caused 
by the gas molecules in the atmosphere. The higher levds 
of the Western Himalayan peaks are noted for the clear- 
ness of the air. Were an instrument of the kind used by 
Lyot installed at a^convenient devation here, it ought to^ 
be possible to obtain results still betta: than those secured i 


l^him. 

At the Faraday Centenary cdelnration in London in 1931 
FSboiessor Elihu Thomson predicted that television would 
aosbe day make it possible for the whode #orld to see a 
total edi^se of the sun in whidiever part of the earth it 
ocdimed. Mr. O. H. Caldwell of Hew York gave an inge- 
nicMts auad hnpresstve demonstration on 24th NoveBlb^ 
ai tlm Anieriam Museum of Natixral History, in which he 
diowed arhat could ne done evmi with {uresent mdhodsto 
tdcvise a fohsr edUpSe. Since no i^ipse was available at 

iie mooienL a i^wing of the aOn suns^ 

nil gcaiully olSBesin^ Umuii^ a 
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the moon. The result was an aj^proochtoan 
adipsew As the corona cannot be ptodue^ arti' 
fiy^ati y: iMnnetiung resembling it was produced tb'aiable 
the assembled engineers to judge what could be ^own on 
telexing screens when the nest eclipse became vi^le in 
that part of America. 

In re^t yems, at total solar eclipses astronomers were « 
occupied ^fh the photography of stars close to the sun in 
order to ascertain whethg: their light is deflected in the 
sun’s gravitational field according to Einstein's theory. At 
the West African eclipse of 1919 they obtained photo^ 
graphs on which a deflection was clearly shown, and this ' 
deflection was trf the amount predicted by the Theory of 

Relativity. 

• 

A hazy conical band of light known as the zodiacal ligki 
is observed in spring jtretching upward from the point in 
the horizon where the sun has set. A similar spectacle 
may be seen before sunrise in autumn. This phenomenon 
is usually ascribed to light reflected from a lens-shaped 
cloud compost of solid particles, presumably a swarm of 
meteors lying in intra-Mercurial space, too small to be 
seen individually and revolving round the sun just as the 
rings of Saturn do around that planet. 

* The magic colours normally display^ at sunset, varying 
from a clear bright white to orange and crimson, are due 
to the scattering of light by the minute gas molecules of 
the air. Certain subterranean forces too of our world 
indirectly enbgmce the beauty of the rising and setting sun, 
thn ii g h this happens on extremely rare occa^ons. The sky 
at sunset becomes at such times, to use the words of 
RusIdn ^rwiA molten mantling sea of colour and fire’. The 
unusual sunset glows due to thedouds of volcanic du^ 
spreading ovm the earth ^he great outburst of Krakatoa 
described m Chapter IV, were so imposing in their ^em 
dour as to stir Tennyson to refer to the phenomenon ^ 
ihmres^e verae 

, 55 .:;:- 
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Under Item 1 of Chapter DC we have given a Wef ex. 
pTawariftn of the rainbow. It is one of the most beautiful and 
j^uniliar optical phenomena relating to sunlight. For the 
production of a rainbow three conditions have |o be ful- 
filled : first, rain must be falling near the olwerver in the 
direction opposite to the sun ; s^ndly, t^e sun should not 
be hidden by clouds; and thirdly, it should not be too high 
in the heavens. The centre of the rainbow arch lies on the 
prolongation of a straight line drawn from the sun to the 
observer’s eye. The bow attains the greatest length when 
the sun is at the horizon, for it will then appear as a 
huge semicircular arch opposite to the sun if a shower is 
falling in that direction. If the sun is far above the horizon, 
the bow will be seen as an arc smaller than a semicircum- 
ference. The brilliance and colouring of a rainbow are. 
governed to a large extent by the size of the drops in the 
rain. It has been calculated that, in order to produce a 
bow displaying the whole range of spectrum colours, the 
r^drops must be more than l/25th of an inch in diameter. 
When they are smaller, the outer edge of the bow is colour- 
ed orange, for then the red end of the spectrum disappears. 
When perfect, the rainbow presents the appearance 
ooncentrk arches, the inner principal one being called m 
httinary and the outer, gerferally a.fainter one, the semOr 
^bow. Each of the bows is formed of the colours of 
the solar spectrum, but the colours are arranged m the re- 
vtfsed order, the red forming the exterior ring of the pn* 
nnury bow and the interior of the secondary. Theseconoary 
bow is caused by the sun’s rays entering the und^ part m 
tlic#aindrop8. Sometimes are seen lying clo^ 
vio^ of the primary bow or outside that of the 
what arc called supernumerary or ^»mous bows. 
of a pinkish odour and are formed by the . 

diffraction bf light by tiny drops of jai^ On 

the «gk» of the dty outside the pr^dp^ bo^ 



r^^ioik witUn tibe arch. The sh^; 
oiits^ somewhat hrighter than ui tha ; 

f^on between the primary and secondary bows. 1 


Sudiight is also responsible for the artificial rainbow 
produced by the spray from a geyser, a cascade or a 
garden fountain. Still another kind of bow caused by 
the sun is the which is seen under favouiaUe 

conditions when the sun shines from behind an observer oh 
to a fog-bank. dWing to the droplets in a fog being ex- 
ceedingly small, very little colour is noticeable in a fog-bow, 
all that is discernible being a bluish tinge on the inner edge 
and a reddish tinge on the outer edge. It is frequently seen 
from the top of a hill, and the observer may notice his own 
shadow on the fog-bank with a halo of coloured rings 
around the head. The phenomenon is known as the 
Brocken Spectre. 


• The light emitted by the sun, says Jeans, is of 3-^ 
octillion candle-power ! It radiates its light and heat in 
profusion in all directions, the earth intercepting^ but an 
infinitesimal fraction, less than one 2-billionths, of this:^ia- 
tion. In fact, according to the 5th Revision of the Me^ 
rological Tables of the Smithsonian Institution of Washing- 
ton, at the surface of the earth the noon day sun on a dew 
.day has an intensity of only 9,600 ‘ foot-candles , a foot- 
candle denoting the illuminatioyeceived from a sfondard 
|Candle plac^ a foot away. Starlight to only 

^l/ 8000 th of a foot-candle, and the sun is 120 million tu^ 
brightCT than all the stars in the sky on a fine “8“*. By 
way of a comfJarative estimate of the bnghtness of the s_ 
and of the full moon. Baker says ^*»at something like 
465,000 full moons at average distance woidd be requir^ to 
prodiMWA brilliancy equal to the suns. He adds ^ ® 
the visible half of the celestial dome, there is roo“ 
a fifth of this number. Visible sunlight carries about 19 
per cent of the energy from the sun. The ultra^j^t w 
contain only 1 per cent and the infra-red about 80 pe 
pf its radiant energy. 
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Tbe sun is an eiK^mous power plant It is estimated 
that the amount of heat generate by it eva 7 second 
has a mechanical equivalent of 20 trillion horse^power ! 

Though a relatively small fraction of the solar radiation 
reaches our globe, even this portion of the total varies, 
ai^ as a result we experience summer or winter with its 
roasting heat or biting cold. Under the influence of this radi- 
ation thewaterontheearth evaporates, and clouds, fogs and 
rain are formed. It instils energy into the earth’s atmosphere 
and produces winds— the gentle zephyrs of spring as well 
as whirlwinds, hurricanes and other winds of destructive 
power. The coal, oil and gas so widely used over the 
world owe their origin to solar energy. The gracious 
beams of the sun enable the vegetable cell to function like 
a chemical laboratory, and plants to absorb water-vapout 
from the atmosphere and decompose the poisonous car- 
bonic acid gas of the air into itS' elements, carbon and 
oxygen. The carbon is taken up by the plants as food, 
while the oxygen goes to sustain animal life. The sun’s 
rays are thus essential for the sustenance of both vege- 
taUe and animal life on the earth. It is the sun’s radiation, 
again, that clothes the leaves of plants in green and yellow 
and robes the flowers in their gorgeous hues. All vegeta- 
tkm has the property of absorbing the sun’s rays falling 
on it and extracting from them one or more of the colours^ 
of which, sunlight is compqsed. For the bounty of Nature, 
for the radiant smiles and manifold charms with which 
she greets us in many parts of the world, we are indebted 
primarily, of the myriads of bodies that tenant the vast 
ocean of space, to our peerless luminary. * 

* Uke a God thou art, and on thjr war 
Ofgloiy sheddeat, with benignant nf. 

Beauty and life and Joyance from above.' 

The gravitational pull of the sun on bodies at its sur- 
face is as great as 27-6 times the attractive force of the 
earth on objects at its surface. A freely falling body m 
^ earth drops for the first setmnd 16 feet, while on the 
sun it would fall 441 feet for the first secoqd. A ro*® 



iljg,^<» the eattE would. #^jfi cm the eon onfw^ 
a ton and a half hi a ^ng-balance 1 By ite powca^ gra; 
vitational frarce the sun keeps the planets aind other 
members of the solar system in their respective orUts 
‘as with a chain indissoluble bound', making them revolve 
round it. But for this supreme control, the system would 
immediately disintegrate and its members would dash out 
into space in straight courses. The sun is thus the ruler 
of the whole syst^. 

The average density of !hesun is about one-fourth of 
that of the earth, as its material is relatively lighter. It 
thus amounts to about one and a half times that of a globe 
of water of equal size. But the mass of the sun is immensely 
greater than the earth’s. It is measured by the force of 
the sun’s gravitational attraction on a planet. The distance 
of a planet from the sun being known as well as the speed 
of its orbital motion, the astronomer has been able to cal- 
•culate the distance which the planet is attracted towards 
the sun in one second. He has in this way found out how 
many times the sun should be heavier than the planet to be 
able to exert this amount of gravitational pull. The mass 
of the sun has thus been ascertained to be 331,950 
times that of the earth. At the end of Chapter I we have 
given two results arrived at as the earth’s weight, the 
.difference between them being comparatively small. On 
the bams of the higher of these values we find ^that toe 
I weight of our luminary works out to 6*593 Hextillion 
'tons X 331,950 2,188,547,000,000,000,000,m000,000 c«r in 

round ^gures 2 octillion tons ! This result is easily verifi^. 
The sun’s voltltoe is 340 quadrillion cubic miles and density 
about i of that of the earth. We know the earth’s volume 
tobe2e0baiionc. miles and weight 6*®3 sextilhon tons. 
No w ifr if sphere with a volume of 260 billion c. miles Md a 
densityofl weighs 6*593 sextillion tons, a sphere whose 
volume is 3M quadrillion c. miles and density i, will weigh 

6 * 5 ^ X l(pix ix^^^=*slightlylessthan2octilliontohS. 

The noi^he} difference is due to our having taken only toe 
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sysixin put togeti[iar>~tlie planets a^^ their 
satellites, the astore^ or minor planets, and the comets. 

The pressure at the surface of the Photosphere is only 
1/lOOOth of an atmo^here, whereas the pressure at the sun’s 
centre is terrific and is estimated at 36 billion atmospheres, 
whkh works out to slightly over 236 million tons to the 
square inch or more than 10,5(M times thf! pressure at the 
centre of the earth ! 

So profusdy is the sun pouring out its eno'gy into space 
that it is estimated as losing mass at the staggering rate of 
4,200,000 tons a second. This loss works out to nearly 363 
union tons a day or over 132 trillion tons a year! It is esti- 
mated further that the sun has been radiating away its 
mass fm* about 7i Ullion y^s, a value which represents 
its presmit age. But even if it is destroying its atoms at 
^ encHinous rate from day to day and from year to year, 
its present stock of atoms, considering the stupendous 
weight of our luminary, is large enough to last more than 
16 trillion years from to-day ! 



CHAPTER Xm 

Hie Dreams Rocket Sciipce 

O Nature I aU-suffident! orenaU l 

pqrffli me with the knowledge of thy works; 

me to Heaven ; thy rolling wonders there, 
Worn beyond woAd, in infinite extent, 

Profuady scattered o’er the blue immense. 

Show me. -Thtmuon 


Great experiments are being earned out, espedally in 
Germany, France, Russia and America, to develop rodert 
aeronlanes, both unmanned and man-carrying, capable ot 
reaclung and flying far out in the upper atmosphere. 

Professor Hermann Oberth, the German 
•Bests the use of two rockets, one containing dcohol aM the 
other hydrogen. In the view of some saentists tte hy^ 
gen can be used to regenerate the alcohol after the l^tw 
has been used up to propel the rocket ’plane, but 
«L^enS generally use liquid oxygen and hquid 

hydrogen, which are brought S**^ul 

nfoes and ignited. A liquid fuel developed by Qr. Paul 

H?^landt, a Genaan expert on liquid ga^, ^ 

may not be this pxygeiKww-hydro^, has hailed 

revolution^ contribution to rocket saence. 

Professor R. H. Goddard of 

who hSbeei lac^erimenting on ^ 

lopinga ‘Stratosphere Rc^et’which^l^^^al^^^ 

matic instruments for obtaining wea . 

turWneaeroplane. It ® *„-bine In leaving 

principles of both .wolaM is direded throuj^ 

the earth the rocket blast of the plane is ^ 

the heat-resisting met^ and sup# 




witii ^necessary motive fSwer ita Its flight 
timnigb tlm dcmser la^r^ of t^e ea^ But 

mot readtiiig the t^jK| 0 per air, the {»lot cqpterat^ a device 
wherehy the turt;|K^ties are swtiqg out of the path of 
the exhaust gaaf^fM rodket, and the propellers discon- 
nected. Owing jB t|| much lower air pressure in this 
rareSed region, i p j roft is thenceforward propelled by the 
^kick-back' of explosion. The fuel to be used is 

a mixture of gasolene and liquid oxygen. 

Scientists are confident that‘s rocket craft wiU fly at very 
high altitudes and at enormous speeds. 

The world’s rocket enthusiasts are not going to stop 
with the attainment of their immediate soal, the construc- 
tion of a man-carrying Stratosphere Ro^et equipped with 
scientific instruments. Their aspirations soar infinitely 
higher. They have already started Societies for the pro- 
motion of research in the new field of ’astronautics’, 
Bmninent among these organizations are the German 
Society for Interplanetary Navigation, Socidtd d’Astronau- 
tique de France and the American Interplanetary Society. 
An International League of Interplanetary Rocket Inventors 
and Scientists has been formed and an International Bureau 
estaUidbed for furthering rocket research and carrying out 
experiments for the more rapid development of the * Inter- 
plaimt^ Rocket ’. The Bureau has its head-quarters at 
jgmditt, as Germany is the.only country in^the world which 
maintains a * Rocket Aer^rome a flying field for rockets^ 
It is tituated at Reinidcendorf, Just outside l^Un. S 

Dr. Lyon, the American expert who tuts ^ablfehed the 
world'a altitude recmrd for sounding rockets ( vi^ Chapter 
VL ItemS), is said to be on the eve of perfecting at 
Vknnn an explotive powerful enough to Wow 00^,8 to wn 

witil a aii^ bomb and about twice as powerfulasi’Ni 
(trinitrotoluene), the most violent explosive employed m 

the Great War. This new substance is known as T. 4 , its 
Ml name bong TiMethylentrimtramipe, and tbwgtt 
Imoink to for many years, it has never bees used as 



ait to its being non^isiWe uniace 

German w ttslian scientists have failed in their ettperi- 
ments to m^e it fusible, but Lyc^^aims to have 
ceeded in doing so, and by conibini|M||jdth other etcplo- 
sives, obtained a speed of exhausiHW^lIp enable a rocket 
to travel at a velocity of 2 miles a speal 

considerably higher than that by any means 

hitherto. Rockets built on presentlijiiilples consume so 
large an amount of explosive in their journeys into the 
air that they Ame back? to earth after going up a few 
miles. By using an explosive that will last lons^ 
and enaWe the rocket to continually propel itself by 
the driving power of its own exhaust, Lyon expects to 
be able to * cut the bands of gravitation and atmosphere 
tihat bind us to the earth.’ His rocket for space flight will 
be constructed on much ‘the same principle as his larga: 
sounding rocket which came to grief in 1931, with the 
addition of steel fins attached to the lower section, which 
with the gyroscope will keep the rofcket steady durii^ the 
first stage of the flight. When the fins drop off with the 
consumption of the lower section, the gyroscope will steer 
the rocket during the rest of its long voyage, and with the 
falling off of each section in its turn, the velocity of the 
rocket will automatically increase. ‘ The wet blanket of 
the atmosphere’, adds Lyon, ‘ retards speed in the same 
* way as the sea retards a liner ; doubling the ^>eed of a 
rqcket merely quadruples air resistance. There is, how* 
ever, the consolation that gravity decreases in regular 
stages as the distance from the earth increases. For in- 
stance^ a r^t^et that weighs a ton on earth will weigh 
only a quarter of a ton when 4,000 miles up, and only the 
twenty-fifth of a ton at 20,000 miles above sea level.’ 

int^esting article in the Illustrate WselUy of Iitdia 
oTTsth November 1931, Lady Drummond-Hay gives an 
account of her visit to the German Rocket Aerodrome 
where she interviewed Professor Rudolf NeM, the famous 
rocket.€Sxpert, whose direction its activities are mm* 
>fwd on. He unfolded to her his romantic plans for the deye* 
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1 ^ rock^ tran^EKut Hie bBft 111 yi«er 

of a rock^ tliat will * jhoo^ * mail hn^ Berlin 
to New Yolkin 25 joiiiiites! Next'anll fdlow a powerful 
lOcket in which hOp^self will flf’to Australia in half an 
iKHtr ! The first piiist^er rocket will be about 7$ feet long 
and will have o^ortable accommodation for passaigers. 
It is expected toi|re||h by itself one ton, but will carry 29 
tons of rodkets andliiei. Developing half a million horse- 
power, it will fly 7 miles a second in a curvilinear course 
and r&idi a maximum height of 153 mile^ Tapping a small 
1,360 horse-power rocket, the scientist remark^ that from 
such a little thing would grow the great rocket bB Australia 
mid later the Rocket to the Moon ! 

Nobel feels confident that in less than fifteen years he 
will have popularized the rocket for carrying mail between 
Ccmtinoits and brought passenger-transport by it within 
the bounds of practicability. The ^hooting of mail will be 
tlm first stage which, in his opinion, presents even to-day 
no insoluble problems,Hhe question being only <»ie of time 
and money. ‘ Interplanetary communication *, he adds, ‘ is 
aimther matter. We must have intermediate landing places 
and re-fudling stations for the machines en route. Fantas- 
tic and visionary as it may sound now— though I don't see 
why anything should be " visionary” in this scientific age— 
we are planning to establish "Meteor Islands” in the 
Stxato^h«‘e, equipped with electric power, radio broad-' 
castm, and huge tanks *containing fuel and provisions. J 
When tlM! first rocket leaves tl» earth, it can without dif- ' 
ficidty find the " Meteor Island ” wh(^ movement will be 
al»61utdy constant and theref(u*e can be caladlated. Also 
the radio fflgnals will guide us. An object hurled into the 
S^to^here at a speed of 5 mUes a second will, after rea- 
ching an altitude of 60 miles or more, stay there aud^F 
coBie hick. Its ^»eed remains constant, and as far as 
gravity is concerned, the law of K^ler has already esta- 
blished that owing to the curved surface of the i^rth and 
ih ration, such an object cannot come down. Scientists 
odltliem^*^^ 


ctiitespond to whatareikyitsof 
and tinam^^ stations for steamecs and raitwaj^ on tt» 

earth. N^jrf’s plans include the estaljlishment of a rnunher 
of such * stations * in space which will be the termini of the 
j^irth Rockets, and here the rocket passengers will ‘change 
cars' for celestial destinations ! The Earth Rocket on re* 
fuelling will return to its terrestrial aerodrhme. The power 
that pit^pels the Hanetary Rocket upward will act as a 
br£&e to check the speed of the Earth Rocket when it conies 
down witilin., the* radius of gravity. In this connection a 
writer in apother journal points out that, if a craft which 
has leff tij^ earth’s atmosphere comes down after 12 hours, 
it will prol^bly land on the side of the earth opposite to 
that from which it rose. The Earth Rocket will probably 
therefore have to so time its return journey that it can be 
back at its Droihe, punctual to the split second, at the cod 
of 23 hrs. 56 na. 4*()91 s^., the period of a sidereal day, that 
is, the time which the*earth takes to make one complete 
rotation on its axis ! In anticipation of the practicability of 
the ‘ Stratosphere Rocket ’, air-proof suits equipped with 
oxygen suppliers for the rocket passengers have already 
been designed. 

These ‘ Meteor Islands’, proceeds Nebel, can be used for 
a variety of purposes. They can be fitted with astrononu- 
cal instruments. Huge natrium ( sodium ) mirrors, fixed at 
'particular angles, can reflect the sun’s rays and illuminate 
the night hemisphere o^ the eafth ! The whole earth can 
thus be provided with perpetual sunshine with a series of 
these mirrors. 

By far the^eatest rocket expert of the day is probably 
Oberth. He is a mathematician-physicist-astronomer of a 
Wgh Older. He has worked out a scheme for a ‘ Sol^ 
SBac%Af£rror ’ down to the last detail. As soon as rocket 
flight to a few hundred miles up becomes a reality, he hop» 
his space mirror will begin to take shape. Conceive 
enormous mirror, 60 to 120 miles across, in operation, fkat- 
ihg in space by itself 400 to 700 miles up and revol^i^E 
Toqnd thp 0|rth by its own monientum and under the ih^ 
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fiuenoe ai the earth’s attraction ! TheCM)erth MSrror, which 
win thus be a new satellite of our ^obe, will complete one 
revolution round it in about 2 hrs. 45 m. at the height indi- 
cated, writes Mr. Hugo Gemsback in Everyday Sdentx ^ 
'Mechanics of D«;ember 1931. This mirror by reflecting 
sunlight on the earth can concentrate a vast amount of 
radiant energy~-heat and light— upon any selected area on 
the earth’s surface. It can be used to melt the polar ice. 
Extei^ve areas buried under glaciers in Greenland can be 
reclaimed and turned into fertife land, flarbouls in the 
Frigid Zone can be kept free of ice all the year round. For 
war purposes, if utter annihilation be the aim, tfie 'mirror 
could bum the largest of cities to cinders^*^ ]^t if defeat 
without destruction is sought to be inflicted on the enemy, 
it could hurl a gigantic moving wall of flrd Ott land, on sea 
or in the sky, across the paths of armie%' haval squadrons 
and aircraft and force them all back ^ndfbacdc 1 It i;an make 
short work too, if it wants, of the wcMd[d*» npmltion works 
and depots. We can easily see tlud( iT war should break 
out in that hazy future between thewcountry owning these 
mirrors and Italy or India, that country need only direct 
its terrible weapons against the Alps or the Himalayas and 
mdt their snows and ice ! 

It is neither possible, necessary nor desirable to build on 
earth a mirror of this colossal size. The space rocket , 
laden with materials will flfst be shot out into the Outer 
Atmosphere or beyond, where it will at once become a 
satdlite of the earth like the moon ! Workmen in ' space 
suits ’ and supplied with oxygen will start the construction 
ai the mirror after arrival in free space. TKfe mirror will 
consist <rf movable facets, for otherwise it would be only a 
flat or plane mirror. If made up of movable facets, it can 
be used both as a plane mirror to reflect sunlif^ovtf 
. extenmve areas of the earth at night, and as a curved 
mirror by the facets being adjusted along the lin« of a 
parabola to form a parabolic r^ector which, at will, can 
concentrate the sunlight on glaciers and marine ice forma- 
tions or be used for war purposes. 



The iimtedal to be used for the mirrw be 9odic^> 
asin tbe^^^l^^ for this metal beskles bdbg not 

very expM^ve Possesses high lustre and is a perfect . - 
reflector of light. On the earth it has to be kept und« 
oil or petroleum as in the case of potassium, since it ; - 
easily oxidises when exposed to the air. In free space 
whefe air is virtually non-existent no such chemicrf 
change is possible. The sodium facets will be made in 
spa<» by m<&ns of a small rolling mill attached to the 
outside of tho splhce rockdt. On the completion of the 
facets, whitdi will be thin sheets no thinner than papery 
they wfll bii taken by the workers to the frame of the 
mirror. One man can carry thousands of them at a time, 
forobjects have nb weight there! By means of a ‘rocket 
pistol ’ he cataimlls himself into the desired position and 
sets the iheets in their individual wire frames attach^ to 
the mahk-n^ iOf thi^ mirror. Millions of fScets will be 
required fbf a ndiTOX^ titanic size, and its wns^c- 

tion will conseqiufeti# lake a number of years, 10 to 15 in 
Oberth’s estimate. Th«^#hole cost is expected to amount 
to something like thr^Kiuarters of a billion dollars! 

The question whether the sun’s burning heat would 
melt the mirror, especially as the facets are very thin, 
would not arise. Most of the radiant heat would be re* 
fleeted from the surfaces of these facets as the backs am 
coloured pitch-black, and as they are constantly exp^ 

■ to the cold of space, any heat received by them would be 
radiated away as rapidly as it is absorbed, so that th 
mirror would remain unharmed. 


When the mirror is completed, the crew operating it, 
can be housed in' a rocket ship hangared at the centre o 
the mirror at a place kept free for 
frqm tbeiearth would every week or two relieve t P 
crew. TTiere wUl be regular communiration wim me 
eerib, it is stated, by short-wave telepho ne , as exceedingly^ 


' But the poeaibiHty oTsuch communi<ation « ‘J® 
leiffhk Ahtk nhove the earth has yet to be proveq. 





^ to perpe ip ^ tba top 

toiW^bfy (tf tl^ litaiiVidtto^ to lr^»too{»jei^^^^ be used 
^Iqr obsei^tion, and by meads of tbe short-wave telephone 
l^ely waratnirof iodtorgs ahead l^n be Issued to approa- 
steanters. The plight of aviators and polar ex- 
bodhiotB distress can be detected and reported to the 
nearest ground authorities and help secured in time. 

The piloting orew of the mirror could change its orbit 
at will by using rocket-propulsion* Whil^ racing over the 
northern hemisphere, if it is at any time required over the 
southern hemisphere, the mirror can be propelled towards 
that part of the earth and reach its destination in a short 
time probably counted only in minutes. 

As the mirror keeps moving at an immense speed, jt 
cannot concentrate its light or h^t on any particular area 
for more tha#a few minutes at a time. But with a series 
of mirrors it would be pc^ible to illuminate vast areas at 
night when desired or to provide supcimit beat in thepdar 
regions to keqp selected areas free of ice. 

To revert to Nebel’s ‘Meteor Islands’. For voyages to 
the different worlds there will be different transhipment 
stations in space. These stations will no doubt display in 
pKHninent places huge boards reading Change here for the 
JUbon* Cha^e here for Venus and so on. A tourist bound 

the farthest wortd in the solar system will thus find a' 
board Outage here for Ptuto--yre ipean, of course, neither 
tito lordof the nether regions nor his dreaded empire, but 
the trmis-Neptunian planet ! Slmuld the fondest dreams of 
|be rodcet sdentist be fulfilled in course of time, ‘astronau- 
lice* will have been established by then as an applied 
science, but even then it is highly doubtffil whether the 
travellm? to Venus or to that other remote world 
at ti» aer^ there any iiulicators Change h^e 
i fim*4ke Sun OS Otangehere for the Pole Star, though solar 
and std^ navigation should It^dtoliy be the next stage 
to the rodket scientist’s prpfgpxamet <to(» the inooh 
the planrts are conquered. 




' l)r< andtber Gerx^ expert, recep^ 

constnic^ a icdtet 6 feet Wgh and 18 incj^ in dfameter, 
which he h<^>ed woul^ be a forerunner to devetopn^nts^ 
enabling BMtt to reach the Moon in three or fbur day$. 
Unfortunatdy its first t^t, carried out early in Oetofe 
19^, proved a failure. Winkler had expected it to attain a 
height of 86 miles in 100 seconds, but it exploded with a 
deafening noise after reaching only 50 feet, whe%fired off 
from the sand-dunes near Pillau in East Prussia. The lower 
part of the rocSet cont^hing the combustion rbamhfr 
burst into splinters. No one was hurt, but the surrounding 
country was enveloped in a dense cloud of smoke. The 
rocket carried a parachute device designed to open at ite 
highest point ot reach in the Outer Atmosphere and 
tging it bade safdy to the earth, along with the automatic 
instrummits sent in it. It was propelled l^a mixture of 
methyl and liquid oxygen and cost about £ to build. 

One of the greatest problems to be solved in the con- 
struction of the space rocket is, as has been seen, that 
relating to initial velocity, for the craft hj» to overcome 
the resistance of the earth’s atmosphere and break away 
from gravity. This velocity has to be immensely higher 
than that of a rifie bullet or that ever attained by a cannon 
shell. The highest initial velocity attained by a cannon 
shell is 4,503 ft a second ( vide Chapter VIII, Item 6), 
‘which is a little over four times the speed of sound in air 
at ordinary temperatur^. But *the highest muzzle velo- 
city of cannon shell to-day is of the order of only 2,000 ft 
a second, while the initial velocity of a small bore military 
rifle bullet is 3,250 to 2,700 ft and of a sporting rifle build 
2,300 to 3,SOO ft: a second. Lyon remarks that the mod 
favourable combination of oxygen and hydrogen is unable 
to gi\^ a velocity of more than 3 miles a second, while' 
accor ding to the calculations of Winkler, the minimum 
speed needed to overcome the earth’s gravitation 
Prdude to d^ce flight is 11,750 metres ( nearly 7-^ miles ) 
asecQnd, <.a., 26,437 miles an hour! This is a veloc^ 
wlddt, it may be ointed out, is very nearly 12 times the 
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iiwttagft ^peed of the moon in its Towtatkto twiM the 
eiHrth, or 1-3 Umes that of Saturn in its revolution round 
the Sun! In other words, the si»ce rocket should com- 
ihand a planetary velocity. Next com^ the problem of 
siataoultinK the ‘ Meteor Island ’ into free space. This 
object wil be a colossal affair, for it has hold a Rocket 
Drome, re-fuelling and broadcasting stations, waiting 
rooms and restaurants for the lunar and planetary passen- 
eers and cabins for a staff of scientists and for the crew. 
What force or power could be fequisitiofied to shoot such 
a leviathan out into space scores of miles above the earth? 

Some physicists say that the atomic energy locked up 
in one spoonful of water is powerful enough to drive a liner 
across the ocean and that, if they can harness this ener^, 
all existing methods of driving machinery will go by the 
board and an industrial millennium be brought about. A 
few words may be said here with regard to the use of the 
t«m electrical emgy as applied to atomic phpomena.. 
That exceedingly vast forces reside in the interior of ^ 
atom has been demonstrated by various experiments, for 
Ltance, the scattering of Alpha rays, excitation of X-rays 
and emission of fast-moving particles. It has therefore 
SL^nd necessary to eifpress these powerful forces in 
suitable values, and the only appropriate valu^ to 
them in could be those used in connectum . 

energy as we ordinarily know it. The term wit a 
Spited to intra-atomic energy must therefore teunde^ 
X»d in a special manner, the correct 

When a statement is atom, 

of 80 many million |vrtts has been 
?t ri»llymeans ^at a 

vtdts is required to give that i n cockroft 

c in the ewerimeots carried out reOTtly 
Zi Dr. E. T, S. Walton at 
CtobrMge, luut^ea were eiectrf^ith ^ 

ponding to 8 

that at theiweaent stag ot the to 

dcctran-voltage can be converted mto or_«"*' 



obtain M simila]* ordinary ydtage. Beades, the 

experinvsi^ flitting the atom, ao far carried out in 
England* German and elsewhere, show, in the words of 
Lord Rutherford, the famous Director of the Cavendish 
Laboratory and one of the world’s greatest authorities on 
the subject, that a disintegrating atom may often prove a 
sink rather than a source of energy. For, whether the 
internal ener^ of the atom is released or external energy 
absorbed during the process of disintegration depends vary 
largely upon the eondition^under which the experiments are 
carried out as well as upon the manner in which the coUisicm 
resulting in disintegration takes place. It has been found, by 
using electric current of 600,000 volts, that on the average 
only one out of a hundred million particles was split by the 
t^mbardment to which they were subjected. The general 
opinion, therefore, among physicists who are occupied 
with atom-splitting experiments to-day is that physics is 
still a long way off being able to harness the energy relea- 
sed by the process of atomic disintegration to such an 
extent as to talk of bringing about an industrial millen- 
nium with its help. The statement of some writers that 
physics dreams of l^messing the internal energy of the 
atom for industrial purposes In the near future must, under 
these circumstances, be regarded as unduly optimistic. 

• In the article in the Illustrated Weekly of India referred 
to pre^nously, the writer suggests free atomic energy as 
one of the possible forces which may be employed to hurl 
the ‘Meteor Island’ out into space. If rocket science is 
relying upon^is energy for the r^Uzarion of one part of 
its dream, it has to await the time when the alleged dream ^ 
of physics itself is fulfilled ! Many of the other problems to 
he solved are self-evident. Meanwhile one can well imaf 
^ne the super-enthusiast among rocket experts, faced 
with the no less formidable problem of finding fhe money 

for his (xxstly experimental work, sighing ‘O for evidence 
that thj^e is plenty ot oil lying untapped in those disbuit 
wolds!* 

37 * 









ail these probieiiis are solved in the 

liM s{»ce na^et beocn^ 

idished fact, li^ us see what sortof lu^itality Dahoe Nature 
Qiay have in store for the earthly pilgrim to her celestial 
doaninknus. 



CHAPTER XIV 

Physical Conditions in other Worlds 

Supposing, as we have said in the last chapter, tt^t a 
man-carrying ro^et ‘ space ship ’ has been built which 
commands an initial velocity high enough to carry it to 
any of the other planets or to the moon, and granting that 
it wll, in the course of its voyage, escape disaster through 
collision with meteors that daily hurtle across space in 
millions, the question still arises whether the fundamental- 
ly essential conditions of life as we know them are present 
iifany of these worlds. 

Let us first take Mercury. It was announced by the 
.famous Italian astronomer, Schiaparelli, in 1889 that this 
planet rotates on its axis in the same period as it takes to 
complete one revolution round the sun, i.e., 88 days, the 
value of the Mercurial year. This rotation-period was con- 
firmed seven years later by Lowell. Baker states that its 
period of rotation is still uncertain. If Schiaparelli is 
correct, the planet would always turn the same face to the 
sun, so that perpetual day would reign on tbs illuminated 
henu^here and eternal night on the unlit side. Being of 
all planets nearest to thq sun, h^rcury receives the great- 
est amount of heat and light. Its mean distance from the 
aun is 36 million miles, while that of the earth is 93 million, 
so that Mercury is 2-6 times nearer. As the intensity of 
radiant energy varies as the square of the distance from 
the source. Mercury should be receiving times the solar 
h§at received by our own planet. It is not to be wondered 
at, therefore, that radiometric observations show the tempe- 
rature of the sunlit side of Mercury to be 340® C. (6^® F.L 
a temperature higher <than the melting points of tin wd 
lead. The temperature will of course vary with the ^ 
of the ftom the sun in the course of its revqlu- 
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tii^, the plsttirt's oriM motion from aj^ielid tO^hdial 
h^tion and fiia i«rs<i"wouId mean to them a jamp ‘out of 
file fr^ng-pan into the fire ‘ and back again out of the fire 
teto the frying-pan ! Owing to the low light-reflecting power 
of the planet, the view is generally accepted that Mercury 
has little or no atmosphere, and consequently neither water 
i»or life, so that it must be an arid and barren iwk. It is 
fittingly described by Lowell as ‘the bleached bones of a 
world’ ! As no radiation from the bright side of the planet 
has been detected in its other hemisphere, this side of it 

must be intensely cold. 

In an article in Everyday Science & M^hamcs of March 
1932, Dr. Donald H. Menzel of Lick Observatory, Mt. 
Hanfilton, California, says about this planet 


'Science is able to reconstroct, at least in part, conditions 
existii« upon the planet. Its surfade is composed largely of 
s(did rock. Under tl>e merciless glare of the sun, whose brilli- 
ance is tempered by neither clouds nor oceans, the surface gets 

about as hot as the top of a kitchen stove under'the action of a roar- 

jng fire. Water in the liquid state ojuld not exist ; if an oc^n 
could ^i^nly be transported there, it would boil away with 
almost explosive violence. Ice would bif as much a curiosity 
on Mercury liquid air is to us. The depressions upon the 
rfanet wouM probably contain, instead of water, droplet^ <rf- 
• Inelted sulphur, bismuth or lead. These conclusions refer, o 
course, to the sunlit side of Mercuty. As to conditions upon 
the other half, we can only venture a guess. Conduction o 
heat through the rocks would be na^igtble, and ye may reason- 
ably expect that the dark hemisphere of Mercury, 

totb. a>ia o( o,t« .!»«. .odd b. »tr®ebr fr«.A 

po«.ibait, tba. tbo^w^-or. 

a b.™, Mcoped into •!««, may havo bean bmW a.a, 
the bot beroispbew and condenied upon tbe add 

plaw^ 

* Mwooiy i* fiius a world of extremeik iwnging 



whsM the or^nary gasest^ atmot^^Mce 
or ^bapseveo solid.’ « 

In ref^pect of density, mass and size, Vctus is more 
nearly l&e the earth than any other planet, but its rotation* 
period still remains to be definitely ascertained. As twi* 
light phenomena have been discovered on it, it follows 
that Venus has an atmosphere. From the high albedo or 
light-r^ecting power of the surface of this planet, it is 
inferred that clouds are present in its atmosphere. Radio* 
metric measurements reveal a uniform temperature Of 
-23“ C. ( -94“ F. ) at the levels of observation, i. e., the sur* 
face of an upper layer of cloud, on both the day and night 
hemisphere Its approximation to our globe in size and 
p^aag^ combined with the presence of an atmosphere on it, 
sOggests the likelihood of some form of life existing on the 
planet. Such a possibility has been opened up further by 
the discovery made by two astronomers of the C^amegie Ins- 
titution at Mt Wilson Observatory, California, Dr. W. S. 
Adams and Dr. T. Dunham, that carbonic acid gas, one of 
the essentials of vegetable life and therefore of animal life 
on the earth, is present in the atmosphere of Venus. Sun- 
light reflected from the planet was focu^d through the 
giant 100-inch telescope of the observatory on to a dit m 
Se spectroscope. The light, as it pa^ 
planet's atmosphere, was partly Jsorbed, as was show 
by a dark band in the spectrum., 

indicated that the gas which absorbed the light was carbon 
dioxide. 

Mars too possesses an atmosphere, but in a rarefi^ 
Slate. Bate says that spectro^pic 

Per«a,^ of oxyg» t'SJ 

level of Mt Everest. The discovery umv h 

tfie Martian atmosphere contains not ™rethan ^^t 

of the water-vapour Z'olate only in infiSitesi- 

shows that water may exist on the ^ 

mal quantities. Seasonal changes occur 

earth, but each season there is twice as long as ours, me 
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iSli^ nmges betweea^C/ai)^ 18^ C ( 4S^F. aixdl^F. h that 
i^ itiot mttch lowtf thin that on our globe* But in spite of 
Se existrace of oxygen and water-vapour, though in 
small quantities, in the planet's atmo^here, and of 
(Cod weather in the tropics, the naore eminent astrono- 
my say that there is no conclusive evidence that animal 
life is presmit on its surface. 


Jupiter also has an atmospherCt and (^ouds have been 
detected in it, but according to Jeans, no rain or water- 
^pour can be present in the atmospheres of the major 
planets. Owing to its low density and great mass, Jupiter 
was formerly considered to be gaseous throughout, still too 
hot to solidify, and hot by itself in view of its great dis- 
tance from the sun. But radiometric observations give nh 
indication of internal heat. Investigations by the astrono- 
mer CoUenta extending over ten years have shown that 
the temperature of the radiating layer in the Jovian atmos- 
phere is - 140** C. ( - 220** F. ) and that this temperature is 
wholly due to sunshine. ' It has been suggested ’, says 
Jeans, * that the clouds which obscure our view of Jupiter’s 
surface may be condensed partides of carbon dioxide or 
some other gas which boils at a temperature far below 
freezing-point.' 

, The materialsof Saturn are the least dense among all the 
jlibuMts. Its ^)eciiic gravily is so Jow that it would float 
(m water, bobbing up and down like a tennis-ball, if it fell 
into an ocean large enough to hold it 1 It resembles Jupiter 
hr many respects in its physical constitution, amd is similarly 
somnn^ted by a cloudy atmosphere; Saturn was loi^ 
conddered to be, like Jupiter, vory hot, but radiometric 
measurrnimnts made by C^blentz show a temperature Qj 
-ISO* C (-2^ F.) on the visible Ifevels. There is some diffe- 
rence of (pinion as to wheth^ this temperature is entirely 
the effect of sunshine or in some part due to internal heat. 
'The genera! vfew about the oboerv^ surface of the planet 
^thatitisgaaeous; 



airtanoBs Hiahus reMvta od? 
about l/400th, and Nq>tune l/900thof the heat and light 
which the earth receives from the sun. Menzel calculates a 
surface temperature for Uranus lower than -170® C. (-274«F.). 
In view of their low densities, both the planets must he 
largely gaseous like Jupiter and Saturn. The physical 
conditions must also be more or less similar. 


The diameter of Pluto is not yet definitely known. 
Preliminary computations made by the Lowell Observatory 
indicate the Plutonic year to be probably about 260 earth- 
years. From later observations it is considered probable 
that the planet is more solid than gaseous or liquid. The 
sun is at so groat a distance that its light must take 4 hours 
to reach the planet at perihelion and 7 hours at aphelion. 
When nearest to the sun, it would receive l/900th, and when 
farthest from it, only l/2500th of the heat and light which 
we on earth receive from the sun. The sun’s disc would 
.be hardly more than a pinpoint of light there, yet the 
sunlight to an observer on the planet at aphelion would be 
a little over 200 times brighter than full moonlight on the 
earth. The Plutonic day would be ’a sort of pearly du^ 
midway between day and night.’ 


Life as known on the earth would be totally out of the 
question on this frigid planet so far removed from solar 
warmth. Its surface temperature, says Jeans, would proba- 
bly be in the neighbourhood of»-2^ C. (-3^ F.). If thie 
earth were tr ans ported there, not only would all its oceans, 
lakes and rivers freeze, but its air also would immediatdy 
solidify* and ^fall to the ground ! Only hydrogoi, neon 
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roxtain in tMr and 

perhaiifi along with ^ndensed ozone*/ ^ a{k>logy 
lew an atmosphere ! It is hardly necessary to 1 k)w man 
fare in such surroundings. We know that liquid air 
is so cold that, if the finger touches it, the liquid at once 
sucks the heat out of it and the skin is badly burned. It is 
like toudiing a red>hot poker, with this difference that the 
rush of heat there is the other way. Liquid air boOs when 
dropp^ on a cake of ice. A temperature which could solidify 
air would naturally be still lowef' than that of liquid air. 

Lastly, we come to our long-neglected neighbour, the 
Moon. It is a cold, desolate globe of rock, waterless and 
barren, with no clouds, seas, rivers, lakes or vegetation. 
According to the Table of Densities in various parts of the 
Universe prepared by the Research Laboratory of the 
Eastman Kodak Company, the lunar 'atmosphere' is so 
rarefied that it contains less gas than the most perfect vacuum 
obtainable in a laboratory. If water at all exists on the. 
moon, it will be in the form of snow or ice sunk very far 
down in the depths of its craters. If there are any inhabi- 
tants on the moon, they will find that no dust rises there, 
no odours are perceived and almost everywhere reigns a 
s^ulchral silence. For all these reasons the nKwn is aptly 
described as a ‘Land of Death’. 


A day on the moon is as long as 3541 hours, i.e., about 
|4| terrestrial days, and ith night is of equal l^igth. Owing 
to tile ateence of a gaseous envelo^ie in the shape of an at- 
mosphere, there is no twilight there as there is on 
earth, where this phenomenon is produced byj^e dispersion 
ci aunl^ht by the gs» molecules of the atmoig>here.On the 


* la the case <d omae, the boiliiv-poiot or periat of liqaefaction is gives 
«i>112-3*C (-170» F.) in the CkaiM BneythpatAa hyC T. Kingsett, 
4th cditiiMi. JUQokl osooe te htti>>r umafe to haodte owi^ to its liability 
to apootanaout axidoaion. We have nowhere cmie aoroes any rep^ " 
oaiwe haviiii tasen froaen. The inataUhty and daogerons properties it 
aeqpi^ whaoSiaMfied irndtabb reader ita aoiidffieathm ^cult, but tiie 
'y Ck m iHt BtuySetMSa ghraa itiraWhiiig pohit or Wdid <d aofkUfication as 



jivxm tis^OM i^ follows day, and day foBops n^bt 
as aiddi^y as an dectric light is extinguished or put cm 
by the pressing of a switch-button ! Similarly, the heat of 
day is rapidly followed by the cold of night, and vice versa. 

Oo the earth the sun’s light is scattered in all directions 
by the gas molecules of the air, so that places not directly 
reached by Ae sunbeams are partially lit by the diffused 
light. But it is not so on the moon. There being no 
scattering of sunlight, the^ shadows there are sharp and 
intensely black, Snd the most profound darkness prevaffs 
where the sun’s rays do not penetrate. 

Another result of the absence of an atmosphere on the 
moon is that its surface is ceaselessly bombarded by mete- 
ors. They rain down upon it at the estimated average rate 
of over a million a day and at speeds 50 to 100 times faster 
than a rifle bullet. The earth is free from such a fusillade, 
for the vast majority of »these deadly missiles are burnt up or 
reduced to impalpable powder in the upper air owing to 
friction with it in the course of their fall, long before they 
can reach the earth. 

According to the astronomers Pettit and Nicholson, the 
temperature of the lunar surface, that is, of the rocks on it, 
varies from 77* C. (171® F.) at noon to -163® C. (-261® F.)on 
the unlit side. The earth has a warm blanket over it in the 
'shape of an atmosphere, which retains and accumulates the 
heat received during the day, ariU so does not part with this 
heat quickly with nightfall. The conditions on the moon 
being totally different, it begins to give up its accumulated 
heat rapidly «with sunset. The lowest temperature occurs 
when the surface has cooled off during the long night on 
the moon. With the burst of day, the temperature rises 
guidcly again. 

I>r. Baker gives a vivid picture of a part of the lunar 
landscape:— 

* The totally dissimilar landscape on the moon would 

tiie visitor from the earth. Absence of air and the smaller yatee 

■ 38' ' 



/■4Ss8 ' :'^woins0tinb:r 

^ (tf a Utw One ivoold bs filkd tnth sli^ aaj 

idgiit alike. Tlte absenoe oi any sound wcmld be noted, »cept 
sound transmitted by the rocks. . . . . The moon is the 

perfect desert ; for steadiness, clearness and cmitintuty <A the 
view of the celestial bodies, it is the perfect site for as 
observatory.* 

The corona of the sun, its crown of glory, can be obser- 
ved fit»n the earth only at a solar total eclipse. At other 
times it cannot be seen owing to the scattering of sunlight 
by the gas molecules of the air. This scattering of 
suidight makes the ^ just beyond the limb of the sun 
thousands of times brighter than the corona. But from the 
moon the corona will be visible throughout the day. It 
forms a most sublime spectacle at Sunrise in that world. 

The earthly explorer of the svoon will thus find a 
»]perb * skyscape ’ as its one great redeeming feature, 
a most pleasant contrast to its forbidding physical fea- 
ture, for the lunar surface will be, as Professor John Q. 
Stewart of Princeton University describes it, * a mineral 
jungle«-«teep spines of bright rock, level expanses of 
darker slag, tumbled masses of ore, ashes from ancient 
vdcanoes and wrecks of meteorites. ’ Clad in the rocket 
adenrist's ^ace suit, breathing oxygen all the time, he 
could climb with ease to the crest of the highest lunar peak, 
lor he would have to put fdirth only one-sixth of the exer- 
tkm required for a similar ascent on the ^irth. As a pro- 
tection from the incessant furillade of meteors, he would 
probably also be wearing a massive steel hdmd, since he 
wbtdd not mind sustaining a weight which is simlarly 
rodiuced to one-rixth! Let us imagine him arriving at 
the mountain top at sunrise. As he scans from ther? 
the vaie Mack firmament ro^ni^ed with stars shining with 
extraordinary brilliancy, with the sun's resplendent di^ 
peepii|g from above the horizon, witih the meltewer peaxiy 
irihKnuDherB of its cmrona |hpg far mit intOJitaGe, no w<mdw 
Irhis f^tng be a tlxms^fold deQxaf than^that of tn 



ngrt M the heavens at night fronr lhl Alpine 

bights 

* While on tlda lofty mountaiOr 
We aeem to Heaven 80 near. 

We seem to hear the chonia 
Of every rolling sphere.* 



CHAPTER XV 

A^oroids and Comets 

Asteroids, otherwise called Planetoids; are mioOT planets 
revolving in close orbits round the sun between the paths 
of Mars and Jupiter. Their total number has been esti- 
mated at over 100,000. The largest. Cer^, is 480 miles and 
smallest le^ than 5 miles in diameter. The brightest 
is Vesta, the only asteroid that can be seen with the naked 
eye under favourable conditions. It is 243 miles across. 
P<ff a long time it was believed that the body which comes 
nearest to us among all the members of the planetaiV 
system is the asteroid Eros. But very recent observations 
dhow that this unique position belongs to another planetoid 
which has been provisionally named 1932 HA or Rm- 
muih Planet. It approached the earth on 16th May 1932 to 
a distance of a little more than 6 million miles. It is descri- 
bed as a very small body, 2 to 3 miles across, which requires 
evmr wh^ nearest a fairly powerful telescope to detect. Its 
path lies partly within that of the earth and for a short 
distance inside that of Venus, and as this orbit is tilted with 
reject to that of our planet, a collision with the earth is- 
outside the bounds of possibUity. An article in Popular 
Sdenu Monthly of August 1^ gives some particulars re- 
i^arding this new body supplied by Dr. F. L ’tipple of the 
Harvard Observatory, Cambridge, hfossa^usetts, who 
was the first astronomer to observe it in America. It is a 
faggeA mass of rock, more likely to be irregular than sphe- 
rkat^ and in view of its low light-reflecting power, its sur- 
face must be rough and covered with gr«it masses of cra^. 

' A human viator would find it airless and would be exposw 
to vkflaat mctremes of temperature which would alternately 
acor<^ aiMd freeze him. At its closest approach to us whw 
i is 1^ than million miles away^ an observe station^ 

ft coidd obtaii^ with a pairof ficld*fi^a88«» agood view 




of the and Whipple aounda 

anothe^ |io^ of warning to the imaginary visitor. Even if 
the oth^ difficulties present on the planetoid could be Wlar* 
move with the utmost caution, for its force 
of gravity w so feeble that, were he to take a strong leapi. 
be would ‘bound clear off the planetoid, never to return I’ 
And with vhat furfter result ? He would revolve round the 
sun like thO asteroids and planets in an elliptical orbit of 
his own as one more member of the Solar System ! In other 
words, to us on the earth ^e would become a permanent 
heavenly body! 

The orbits of most asteroids are highly eccentric. 
Asteroid T G, discovered in 1906, has its orbit so eccentric 
that it sometimes goes far beyond the path of Jupiter. For 
asimilar reason, Eros at perihelion comes within the orbit 
of Mars, while at aphelion it travels far beyond. The 
revolution-periods of tl^ese bodies range from less than two 
yearn to nearly nine. 

Comets are strange heavenly bodies, which vary in ap* 
pearance, size and brilliancy. Their total number in the 
Solar System has been estimated at 120,000. The vast bulk 
of them are invisible to the naked eye, but some are so Wg 
and bright that they can be seen in broad daylight though 
they may be in the close vicinity of the sun. 


• Comets usually consist of two parts, the coma and the 
hucleus. The coma is a small qaunded cloud of luimnous 
fog, with an average diameter of 80,000 miles, but in the 
great comet of 1811 it attained a record diameter of a 
million miles. In the centre of the coma is a bright pomt 
of light, the nucleus, and together they form the ‘ head of 
the comet. A large comet has, besides, a luminous tol, 
sometimes more than one, and the tail is oc<»sionally 
so long that it stretches across the heavens from the sun to 
the earth or rather from the zenith to the horizon. The 
great comet of 1882, which was visible for over a week, 
a tail upwards of IW million miles lopg* . s„ 

One of the pious prayers among the 
mediaeval was:- ‘Lord, deliver us from the Devil, 



ai^ Coin^l* Comets were 
ftttci^ by tbe andente, tdth resdi ^ 
enrdul records of their observed returns, llie astr^mers 
Cowell and Crommelin at Greenwich were ab|e |$ trace 
from these records 28 returns of Hdley’s ©Qin^^bserved 
since as far back as 240 B. C. Aristotle however moitions 
the appearance of a comet still further back/ in 
the year 372 B. C. " it 

An interesting article under t|^e caption ‘ Exit the Earth!’ 
contributed 1^ Sir Richard Gregory to TAI Sunday De^^h 
was reproduced in the Evemng News of India of 1st August 
1929. A few extracts from it may be quoted as bearing on 
the subject of the present chapter 

* From time to time the sun polls into oor s]rstem solid masses 
of matter, some of which might eventoally cross the earths 
track at the same time as the earth. Most of the large dihnets 
which have appeared have been captured in this way by the 
attraction of the son and the planet Jupiter. Exactly what the ' 
nocleos the bead of a comet is cannot definitely be said, but in 
all inrobability it consists of a collection of solid particles which 
may be the size of small marbles or of footballs, or even larger. 


' The total mass of a comet can be arnrthit^ from 1/lOOOOOth 
to 1/lOOOOth the mass of the earth. 


* Nearly all of a comet’s substance is concentrated in the 
nucleus, and this may have a diameter of about a couple of* 
djousand miles — say a quarter the diameter of the earth— or as 
in Hallos periodic cmnet, which was visible in 1910, of about 
500 miles. 

*An encounter of the earth with the nucleus ofia comet would 
mean die end of the world. Such a collision is n<rt probable, but 
it is not impossible. We passed through the tail M Halley’s 
CouMd: in 1910, and also through the tall of another comet 
in 1861, but that is a very diffinrent thing ftmn p^ing through 
the head. 


*1^ taU <d a large comet, though it lodes very alarming, 
rsa^ comishi of extr«nebr attenuated gas, and no (^foet what* 
ever is noticed when it envek^ thelagih. 





* we Wt the nqeleoff of * corned the ftk^ 8^ 

ixdtNto wi^ tiMiecdid mateiriUd io it would peobably prodooe Jo 


heat that all fonns of life would be deetioyedr and biff 
: ^ b>to a banen todu 

* lE^'tiia laa% of probability or chancet the earth nu^ have had 
cd l u B QP wi& comets in the coarse of its history^ atiH others will 
occnr in the fntore. ’ 

In on® of his lectures Jeans makes a humorous remark 
on the comet an^ its erratip ways :— 

‘Comets are the crazy lunatics of space. They dash abont. in 
orbits it is very difficult to pedicL They may not come back, 
bemuse 'they have met with an accident on the way. The comet 
ke iffij man who runs amok so as to get his name in the 
of the newspapers. They have a brief and glorioos 
sngb behaving indiscreetly.’ 



comet's tail consists of materials of high tenuity and 
^^0 transparent that it is possible to see most stars 
through it undimmed in their luminosity. 

Comets shine partly by their own light and partly by 
the rdlected light of the sun. The spectroscope shows 
that most of their envelopes are composed of the gases 
cyaaogea, carbon monoxide and hydrocarbons and the 
vaiwuCIrs of sodium, iron and other metals. It is not to be 
assumed from this that comets are simply masses of gas 
moving across space. Though the quantity of matter in a 
comet may be extremdy small, if is likely that its nucleus 
contains a swarm of small solid particles, each being sur- 
rounded by In the great comet of 1882 observed by 
f Copeland and«Lohse, the spectrum revealed the presence 
o^sodium and manganese in its interior. 

**rhe ortdts of comets are eccentric, to such an extent in 
t^je case of some that their perihelial points actually lie 
within the corona of the sun. The orbits vary in their 
form. The paths of some of the comets are represented by 
a more or less dongated ellipse, the curve beii« a 
ck^ed One. The^ r^fularly tevolve round the sun. Tltei: 

|*rt>it8 Of the remaining comets are open curves^ those 



mavtauA 

the maKnity bdi% parabolic and of a few only fajiiethoUc. 
4 Btay be explained that, in a parabda, the arms of the 
l^re beoune nmly parallel to each o^er as they extend 
farther out, while in a hyperbola they go (m diverging from 
each other. 

More than 100 comets are known to have distinctly 
elliptical orlnts. 40 per cent of them have been found to 
have revolution-periods of between 5 and 9 years, while the 
periods of the rest range up to ip,000 years. Hallo’s Comet 
takes about a human lifetime to complete* its circuit round 
the sun. Comets moving in unclosed orbits approach the 
sun from remote distances far beyond the Solar System, 
but after sweeping round the sun, retreat into the depths 
of space, perhaps never to return. 

The name ‘ comet ' is derived from the Greek kometes, 
a term which means ‘ long-haired ' and applies to the appear- 
ance of the tail. The ancients, .practically the world 
over, held this body in superstitious dread. Comets were 
looked upon as the harbingers of nation-wide calamity and 
disaster. 

In the light of the above quotations from two great 
scientists, it is no wonder if the ancients entertained a holy 
horror for comets, and looked upon them as Jeans does, 
as road-hogs of the universe! 

Both Jeans and Gregory have some remarks to make, 
nearly as impressive, about asteroids. Says the former:— 

* If asteroid Ceres which weighs 8,b00 times less than the earth 
were stopped in its orbit, it would gravitate towards the 
son, slowly at first and then with ever-increasiig velocity. If the 
eaidi happened to be in its way, it would collide with it at the 
•peed of a shooting star and wonld raise it to a white heat. 
Needless to say, all life would be blotted out. But the mo^e 
masnve of the asteroids would not be easily disturbed in their 
orbit’ 

Gr^pry adds in his article 

*There are otber bodies in the solar pstem with vduch the 
earth could land an aeddeotal but dimstrous meeting. 

a 



* caiUtedJi^oiHKme^agroi^ 
of tbiiB tiKKoaDdte whidh dicolate roand the ran between dM 
plaineto Mara ni^ Jnpitec— will come within . a diatanoe of l6 
milUbo milea the earth. It ia only 15 milea acroaat rad there 
is no need to fear that it will come into contact with the earth, 
bat on the other hand no one can aay it is impossitde for this 
or another asten^ to strike the earth and thus bring about the 
actual destniction of life upon the world. 

* Even if thercwvras no end on collision, the near apinoach of 
any sndi object to die euth would cause tidal and other effects 
on the surface and in the interior which would bring disaster to 
most parts of the world.* 

The calculation of the probable weights of Comets and 
the largest Asteroid is very simple. From the extracts 
qiwted it will be seen that Asteroid Ceres weighs, accord- 
ing to Jeans, 8,000 times less than the Earth. Its wdght 
would therefore be, in ibund figures, 824 quadrillion tons! 
The most libmral estimate aligns a total mass of l/500th 
of that of the earth to the whole family of Asteroids, so 
that thdr combined weight should not exceed 13 quintillion 
tons or one^ixth of the weight of the Moon. Gr^ory esti- 
mates, as has been noticed, the total mass of a Comet at from 
1/lOOOOOth to 1/lOOOOth of that of the Earth. This means 
that the wdghts of Comets vary between 66 and 660 
quadrttlion tons. 
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CHAPTER XVI 
The Lower Stellar Region 

Ye multiplying masses of increased 
And stiU increasing light : what are ye ? What 
In this blue wilderness of interminable ^ 

Air where ye roll along, as I have seen 
The leaves along the limpid stream of Eden ? 

Is your course measured for ye ? Or do ye 
Sweep on in your unbounded revelry 
Through an aerial universe of endless 
Expansion, at which my soul aches to think, 

Intoxicated with eternity ? • 

Syron 

Stars are hot, self-luminous bodies, composed of glow- 
ing vapours like the sun. Stars become exceedingly dense 
towards the centre, and the central temperatures of those 
stars whose distribution of mass is stable are of colossal 
values and in the denser stars may amount to scores of 
million degrees C. 

Such a phenomenal heat would be enough to split all 
the atoms inside the stars, but according to Millikan, whilst 
these atoms are committing suicide in pairs, each negative 
dectron taking a positive mate with it into annihilation, 
there is indication that new atoms are being formed millions 
of miles away from the stars. While matter is thus destroy- 
ed in the interior of a star and turned into radiation, 
remarks j^ofessor Milne of Oxford in this connection, this 
converskm of matter into energy supplies it with the 
enormous energy needed to keep it shining through the 
ages. 

But the theory that fresh atoms are being built up in 
the universe to replace those broken up is vehemently 
contested by Sir James Jeans and also by Sir Arthur 



Eddinfton^ the dtedfiguished Fluinian l^fessor of Astro-? 
noiay at Catnibridge Univa^ity/ The former holds that^ 
while everywhere in the universe the high^ and more 
complex forms of matter are slowly disintegrating, no 
instance of the contrary process of building up matter is 
known, so ttot the universe is like a clock which is running 
down. Eddington points out that cosmic rays are eviden(£ 
against Millikan’s conclusion. He contends that these rays 
are the ‘ souls’ of disintegrating atoms and that in course 
of time the last etg of atonfic energy will be gone. Unless 
we can turn time backward, he adds, the planets and the 
stars will gradually die down into cosmic dust 

The pressure at the sun’s centre, as has been already 
mentioned, is 36 billion atmospheres, while at the centre of 
a star whose mass is one and a half times the sun’s, the 
pressure is estimated at only 21 million atmospheres. Still 
it means more than tons to the square inch or 6 

times the pressure at the centre of the earth ! 

The composition of stellar atmospheres has been 
ascertained by means of the spectroscope. The elements 
most abundant in them are hydrogen, heliira, oxygen, 
carbon, silicon, iron, calcium, sodium, aluminium, zinc, 
magnesium and manganese. 

The largest telescope in existence — the 100-inch instru- 
ment at Mount Wilson in California— shows about a billion 
and a half stars. The * super-giant ’ 200-inch telescope now 
under construction in America will show many more, but 
even then we are told we shall be able to see a small frac- 
tion of the total number of stars in the universe. Their 
total number is estimated by Jeans at over lOO^illion, of 
which persons with the keenest sight can see with the 
naked eye only about 3,000. But even this estimate of 100 
billion is, of course, more or less a speculation, and titos 
total number of stars in the heavens may be still grra^. 
As bearing on this point, may be quoted the following 
lines from the poet, Allingham 



. ■■■■■ 

Whmver «irit 

Number fn single dnn;^ the edi; 

Number the leaves on every tr^ 

Number earth's living creattties» all 
That run, that fly, that swim, that crav^ ; 

Of sands, drops, leaves, and lives, the count 
Add up into one vast amount. 

And then for every separate one 
Of all those, let a flaming SUN 
Whirl in the boundie» skies, with each 
Its massy planets, to outreach » 

All sight, 1 ^ thought : for all we see 
Encircled with infinity, 

Is but an island. ' 

Stars are of various degrees of brightness. The term 
magmiude, as used in the following list, does not indicate 
size, but brightness. Thus the brightest stars are said to 
h&oi i\\t first magtttittde, the next in brightness of second 
magnitude, and so on. Some stars undergo a periodic 
change in their brightness and are consequently called 
variable stars. 

According to Argelander, the number of stars of the first 
three magnitudes are 


1st 

magnitude— 

20 

2nd 


65 

3rd 

•t *** 

190 


The following table gives the r^lts of the observations 
made in 1925 by F. H. Seares and P. J. Van Rhijn as to the 
approximate number of stars of lesser magnitudes 


Maca> 

No. of Stara 

MacB. 

No. of Stara 

4th 

^ 530 

12th 

2,270.000 

Sth 

1,620 

13tb 

5,700.000 

6tb 

4350 

14th 

tsjaoofloo 

7th 

14300 

15th 

^.000,000 

Sth 

41300 

16th 

71,000,000 

Sth 

117,000 

17th 

mfioofloo 

lOtb 

324,000 

18th 

29SmfiCO 

tlth 

970,000 

I9tb 

S6O|000mQ 






of of 20fh tna^tio^e Is, aoconiiag ^ 
Dr. Baker, 1 billion. It will be noticed that, as we <kwfe 
from the grater to the lesser magnitudes, the humbcv 
ina*ea8es roughly in geometrical progression till the 15th 
magnitude. 


Stellar distances are so vast that they are mentioned in 
terms of a unit call^ Light Year, a light-year beii% the dis- 
tance travelled by light in one year. The velocity of ligltt 
as detained Michelsqp in 1924 at Mt Wilson ( Califor- 
nia ), is 186,285 miles a second. A light-year is therefore 
equal to about 5,875,000,000,000 or nearly 6 trillion miles.^ 
The distances of stars are ascertained by measuring their 
parallaxes by certain methods. Parallax, in its broad sense, 
is the difference in the direction of a celestial object as 
observed from two different points, and is measured by the 
angle formed by two lines drawn from the body to the two 
points. But usually the term is used for the angle betwem 
the two lines joining the body to the observer and the mr^^is 
centre ; in other words, it is the angle subtended at me 
object by the earth’s radius. In the case of a star, however, 
from which the earth would be seen as only a point, the 
parallax measured is the angle subtended at the star by 
the sun’s mean distance from the earth, i. e., by the radius 
of the earth’s orbit. When the parallax has been deter- 
mined, the distance is easily calculated by trigonometry. 


Stellar distances, except in tWe case Of the most impor- 
tant stars, principally tKbse of the first magnitude, are a 
subject of continuous research. It is diflficult to trace the - 
approximate distances of stars of the 2nd and lesser magni- 
tudes except in a few cases. In this chapter, generally the 
figures given by Abbot and Baker have been adopted, 
and in only a few instances, the distances are taken from 
Scientific journals. In the case of stars of other than 
magnitude where the individual distances are not traceable, 
are given the average distances computed from the mean 
parallaxes as given by Baker. These distances, howey^, 
must be looked upon rather as conservative estimates, ai^ 



dlstsmo^ aat^^ jniK& 

B$i^ Ist^c^^ to explain that tiie niea^ ’dlbhu^ 

Ol a given magnitude is considerably greats than the dis- 
ance derived from the mean parallax for that magnitude. 

Where available, the diameters of some of the larger 
stars have been given. The diameters of the excq;>tionally 
f»g stars have been ascertained means of a 20-ft inter- 
ferometer, an instrum^t used as an attachment to the 
giant lOO-inch reflecting telescopy at the Mt Wilson Obser- 
vatory in California. A new 50-ft interferometer has b^ 
d^onstrated by Dr. F. G. Peasd of this Observatory, and 
he 1^ measured the diameters of a number of gigantic 
stars with its aid. 

The heat of stars is measured by means of ddica|e 
instruments called the Radiometer and the Thermocouple. 

For the most part the well-knowi^ stars are dealt with in 
t^Ppowing list. Wherever it has been possible to trace 
are given side' by side, as a matter of interest, the 
names of the stars and constellations as known in Hindu 
astronomy. The abbreviation L. Y. stands for light-years. 

Some idea of the immensity of space will be gained 
from the fact that the nearest star is nearly 260,000 
times farther away from us than the sun, or about 5,115 
tun^ farther than is the farthest of planets, Pluto, at 
greatest distance fi^ the earth. Further, if it were possible 
to build a man-carrying * space shify ' wdiich could sail into 
the stellar region nnd travel with the phenomenal veloqfty 
<k light, it would take the astronaut fully t^o months to 
journey from the nearest star to the next nearest; and to 
reach bront the earth any of the faintest stars visible to the 
naked eye, it would take him something like 30 centuries ! 

■»> 

Ap^rorimate distanct 

« Srcmtiu Earth 

(1) PrOxima Centauri— nearest of all 
stars, a very faint one. Parallax 
Q>7^— 'jltn maga 


4*15 i«Y. = 
24 ttillioa 






tiiPt in fite <rf,a Onttaor, tisuaOy ]oi^ with the Co^tdlatino LiqitHb: 
tbe WoU. nie etarieof ared cdour. Ito linniamri^ir ii <hi^ l/lfiOdOdi k' 

the aon'fc Iti auifaoe temperatuie is 3,000» &--■( Jsmm5 ). 

Ap^fodMui* X$U»et 
from tiu EarA j 


(2) Alpha Centauri— Mitra ' in Hindu 
Astronomy — Ist magn. as a 
double star 


4-3 L.Y^ 

25 ttiOioB nu ^ 


^ • Note 

Alpha Centauri belongs to iirhat is called the binary system^ A 
binary Star consists of two stars lying close together and revolving- 
round eadh other by mutual gravitation. The brighter component 
oi Alpha Centauri is of a yellow colour and is called Alpha Centauri 
and the other Alpha Centauri B. The diameter of A is about 
917,960 miles, and it is thus a little larger than the sm.— '{.Jeans ). 
The diameter of B is still larger, being about 1,056,520 miles. 
—{Jeans). * ■ -p: 

This ' physical couple ’ is said to be the third brightest slc^ 
the heavens. Its surface temperature is 6,000** C. or about the 
same as that of the sun, and its parallax is 0*758". — ( Baker ). 

‘ An observer placed on Alpha Centauri and viewing the solar 
system from the awful distance which intervenes, would see the 
earth describe a little circle about a second and a half in diameter. 
This is extremely small ; it is about as large as a penny piece 
would look if placed 3 mUes from the observer.* — Ball in his book. 
In the High Heavens, 

^ N. B.— A second add a half, in the duDdocfanal system, equals one- 

S|^th of an indL Bah obviously refers here to a telbscoiMc view.* 


(3) Sint& or Dog Star— Vyadha or 
'LuMhaka' in Hindu Astronomy 
— in southern G>nstellation Cams 
A^'or or Great Dog—lst magn. 


8.8L.Y.(Aito-)« 
52 trillion m. 


• Dr. Donald H. Mensel of Lick Observatory, Mb Hamilton, Califont^ 
asys in Eotrydcy Meckatucs of September 1932 that the l^K^ 

tnlescepe in the worlA if transported to the nearest star and then turned^ 
hadt upon the tcHet system, would be unable to diow even tiie largest. trf- 





Itl 


Note 

Sirins also is a t^ty star. Sirios 4» the main star, is a 
brilliant white colonr. It is the brightest star in the heavens and 
is hence called the * Gem of the Sky *. It is 26*3 times as britdit 
as the son. Thoogh it is over twice as distant as Proxima Cen- 
tanri, we receive from it 70,000 times as much light. Its diameter 
is 1,558,800 miles. — ( Baker ). Sinus is thus over 7 milUon times 
as large as the earth, or nearly 6 times larger than the sun. It is 
therefore classed among the ' Giant %ns Its surface temperature 
is 11,200* C.— ( Baker ). 

Sirius is associated by the Hindus even to this day with the heat 
of summer, as the star, being then directly overhead in daytime, is 
believed to intensify the heat poured forth by the son. They con- 
sequently often call this star Agninakshatra, which means ' Fiefy 
Ster’. The Romans called the hottest days of siunmer caniculares 
dies ( dog-days ), the days of the Dog Star, for according to their 
theory this star, nsing and setting with the sun, added to its heat 
during the dog-days, so that the earth received the combined heat 
of the two luminaries. The dog-days last 40 days, 20 befme and 
20 after the heliacal rising of the star, commencing on the 3rd of 
July and ending on the 1 1th of August. 

Sirins A has a remarkable companion called Sirius JB, whose 
material is so dense that it is said that a ton ci it could be easUy 
packed in a match-bpx I It may be added by way of comparison . 
tibat the densest terrestrial substance known is the mettd Osmium, 
which is about 22*5 times denser than* water, while the average 
density kA the material oi Sirius B has been found to be, accmding 
to Baker, of the order dl 30,000 ( Dr. Smart sajrs 50,000 and 
Sir James Jeans * about 60,000 ’ ) times diat of water, at least 
1,333 times that of the densest-known substance in our globe. The 
diameter of the star is about 25,000 miles, so tiiat it is about • 
30 times larger than the earth. 

But this record in density fades into die background befacs 
that claimed by Van Maanen’s Star. It is the mnallest star yet 
£soovmed and may not be larger than the earth. Hm mean den^ 
of the substance of this curious body* says Jeans in one cf his atti' 



^ p^bAbly about 50«000 times tiiat of the eartii, *.ev 276 OC^’ 
mm th^ of or over 12,000 times that of osmium I W 
exirfauaticm he g^yes is that in this star the material is pq^»i»'f>^ ex- 
oeedmS^ clwely 1^ the simple expedient of breaking up the atoms 
and wning the ingredients together.’ Its sur&ce temperature is 
7fi(XrC.—iJeans). 


AppratkmtU marnai 
fromUuEarOt 

\lOAl.Y.()Baher}m 
{ 61 trillion on 

Note.--It is a pale-yelkiw douUe star in the southern ConsteSatioii 
Canis Minor or Little Dog. Its diametw is 1,645,400 m. and surface temp»> 
ratuxe 6,S00<* C— (BsMr). Another Giant Sun. It is 5i as Wit» 
as the sun. 


( 4 ) pivcyonoc Alpha Canis Minoris- 
Prabhdhhaka’ in Hindu Astro- 
nomy — 1st magn. 


(5) Epsilon ( Greek letter) Eridani— in ' 
Eridanus, a winding Constellation 
in the southern hemisphere 


io.5L.y,= 

61 trillion 


(6) 61 Cygni— in northern Constellation' 
Cygnus or Swan or Northern Cross 
and in Zodiacal Constellation 
Aquarius (Kumbha in Hindu Astro- 
nomy)— 5th magn. 


10-9 L. Y.* 
64 trillion m. 


Note. — ^Its surface temperature is 3,800^ C. — ( Baker), 

(7)^ Alta irox Alpha Aquilae— *Shrava-' 

na ’ or * Ashvatthrf ' in Hmdu I 16 L. Y. 
Astronomy— in north«m Constdla- 94 trillion m. 

tion Aquila or Eagle — 1st magn. . J 

Note.*-A eiar of a faint white colour. Diameter 1,212»400 miles and 
tarfac» temperature 8s€00^C.--(Ba^r). Another Giant Sun. It is over 9 
brighter than the sun. Shravana is the 22nd lunar mansion ( asteriam 
or constellation) in Hindu Aatronomy, consisting of 3 stars of 1st, 3rd and 
|th magnitudes respectively. 

J (S) Komaihaut— in southern Constella- 

1 tion Piscis Australis or Southern 
Fish— 1st magn. 

% . Not«.^It is a white star and is 131 times as bright as the san. 


1 24 L. Y. (ftiMiW 
j 141 triUiimm. 





41 L. y. ( Baker 
and Smart ) s 
241 trillion m. 


^ y- tSAr). 

f< Astroooroy — “ northern ^ jgg ' 

ConstdlaUon Lyra — 1st magn. J 

Note.— A toilliant white star 50 times brighter than the eon. Diameter 
2,07Q|400 m. and surface temperature li;200” C.— (Baker). Another Giant 
Son. 

(10) IW/$a or Beta Geminorum— ) y nt«a#r\_ 
‘Punarvasu’in Hindu AstronomyVi 9 i^[; 5 ^''-’ 

— ‘Istmagihj 

w > N^e. — A reddish star 28 times as bright as the sun. In Hindu Astro- 
noxi^ the Zodiacal Constellation Gemini or Twins is known as Milhuna, 
Putkatvasu is the 7th lunar mansion consisting of 4 stars, one of which is of 
Ist magm 

(11) Eta (Gredc letter) Hercules— in ) 39-5L.Y.sa 

northern (^nstellation Hercules S 232trimonm, 

(12) Arcturus or Alpha Bootes—' SvSti ’ ) 
or ‘Nishtya’ in Hindu Astronomy 
—in northern Constellation Bootes 

— 1 st magn. 

Note.— A red star 100 times as bright as the sun. Diameter 25,960,000 
m. and surnice temperature 4,100** C. — (Baker). Another Giant Sun. 

StwH is the 15th lunar mansion consisting of one star, which is of the 
Ist magn. 

(13) Castor or Alpha (jeminorum — a ) 43 L. Y. (Baker) *» 

double star of 2 nd magn. ) 253 tnluon m. 

(14) Ca^/Zn — ‘Brahmahridaya’ in ') , ■ * 

Hindu Astronomjfc— in nor- . 47 L.Y. (Biifcfr)* 

them Consiellation Auriga* or 276 trillion m. 

Charioteer— 1st magn. j 

Note.— A star of yeUowish-white colour, 185 times brighter than the 
atm. Diameter 10392,<W m. and surface temperature 6,100* C.— (Batw)- 
Another Giant Sun. Capella, Arctimis and are three of the most 

twHBairt atata in the northern heavens. 

(15) Nearest Star or St^ in northern 1 

Constellation Ursa Major or Great 
Bear or Big Dipjper or the Plough— j sol-Y.* 

Csnstellation Saptarski in Hmdu [• 294 trillion m. 

Astronomy consisting of 7 stars. 

Of wl^cb pare of 2nd magn. and 
i of SHt magn. 



distance is taken from aduat of thfe aafa winrimi^ ; 
or viwite tuaymet weonipanying an artide tqr Mr< lobu 'T. Brady in 


Aocoidtog to Hinda mythdogy, seven Rishia or Si^s, or Saptardiia, 
form this 'conateuatio^ They belong to the Brahmardii or highest on&a. 
Their nameab according to the Hindu epic of Mahabharata, are MaifdiL 

Atri, Angiraa, Pulaatya, Pulaha, Kritu and Vashishta. 


AppraimaUduteiict 
from Uu Barth 

(16) Polaris or P 9 le Star— ‘Nakshatra- ') 
n^mi/ ‘Jyotiratt^' or ‘Dhruva- 
nakshatra’ in Hindu Astronomy ^ 54‘5 L.y. sb % 
-tj?® northern f 320 trillion m. : 
Constellation Ursa Minor or Little 
Bear — a white star — 2nd magn. 


Note. — ^This distance is taken from Millikan and Gale’s Practi- 
cal Physics, which mentions it in the following interesting way 

* If an observer on the Pole Star had a telescope powerful 
enough to enable him to ^ events on the earth, he would not have 
seen the battle of Gettysburg ( which occurred in July 1863 ) 
until January 1918. ’ 

According to Hindu mythology, Dhruva was the son of the 
king Utthanai^da, who had two wives, Suruchi and Suniti, but the 
latter was disliked by the king. Suruchi had a son named 
Utthama, and Suniti another named Dhruva. One day Dhruva 
tried, like his elder brother, to sit in bis father's lap, but was spurn- 
ed by the king and his favourite wife. The poor boy went sobbing 
to bis mother, who told hiii\ in consolatory terms that fortune and 
favour could only be attained by hard exertion. The youth there- 
upon left the paternal roof, retired to the forest and though quite 
a b(^, performed such rigorous austerities that he was at h6t raised 
by the god Vishnu to the position of the Pole Star. 


(17) 


Regttlus or Cor Leonis (Lion’s' 
Heart)— Magha’ in Hindu Astro- 
nomy, in the Zodiacal Constdla- 
tion Simha (Leo)— 1st magn. 


56 L .Y. (Balter) = 
329 trillion m. 


Note.— It is 70 times as bright as the sun. Its diameter is 4330,000 
lailes. Anot^ Giant Sun. Afagitaisthe 10th lunar mansion consislii^ of 
? Staw, of vdlMt 1 is of 1st, t of 2nd and 3 of 3rd magnitudes. 



(1^) Aldt^an or Alpha TauH or 
Bull’s Eye—* Rohini ' in 
iBndu Astronomy, in the Zodia- 
cal Constellation Vrishabha 
( Taurus )— 1st magn. 




I 57L.y.(Bttlir)« 
I 335 trillion m. 


Nottr-^A red star 90 times brighter than the sun. Diameter 32,908,000 
m, and surface temperature 3300^ C. *-( Baker ) . Another Giant Sun. 


« ROhini is the 4tfa lunar mansion con^sting of 5 etare» of which one is 
of 1st magn. 


(19) Achemar or Alpha Eridani— 
in the southmi hemisphere— 
1st magn. 


66 L. Y. (Baker) =s 
388 trillion m. 


Note.— A blue-white star 200 times as t^ght as the sun. Another 
Giant Snn. 

According to Smart, the number of starstwhose distances are between 
8and66£.y. is309. 


Apentgt dUoHci 
from the Earth 

Stan of the 2od magnitude ( ex- 
cept one or two mentioned later) _ 74 L. Y. ( Baker ) s 

whose Individual distances are ' 435 trillioo m. 

not available 


(2(^ Alpha Draconis— in northern Constdlation Draco 
or Dragon. * 

^1) Brightest Star in ‘ Ashvini’, the 1st lunar mansion 
^ in Hindu Astronomy consisting of 3 stars in the 
^ Zodiacal C>)nstellation *M€sha’ ( AriA ). 

(22) Brighter of the 2 Stars in ‘Purva Phalguni’ 

or ‘Arjuni’, in Hindu Astronomy the 
ilth lunar mansion in Leo. 

(23) Denefaola or Beta Leonis— in Hindu Astronomy 

‘Utthara Phalguni’, the 12tb lunar mansion consist 

ing of 2 stars in Leo, both of 2iul ma(in. 



Staffs in southern Oni^dlatbn Cbrvus 
Shvd^ Hindu Astronomy * Ha^\ the 13tli. 
lunar mansion consisting of 5 stars in the Zodiacal 
Constellation ‘ Kanya ’( Virgo ). 

( 25 ) Brighter of the 2 stars in Vishakha (fllF«n’^) or 
Radha (nur), in Hindu Astronomy the 16th iu|ar 
mansion in Zodiacal Constellation ‘ Tula ’ ( Ubra ). 

(26) Brightes| Star of ^he four in Anuradha (si3trsir)i 
in Hindu Astronomy the 17th lunar mansion In 
2Miacal Constellation Vrisckika ( Scorpio ). 

( 27 ) Alphecca or Gemma in Constellation Corona Bor^ 
alis or Northern Crown. 

* ( 28 ) Brightest Star in Mula (^), in Hindu Astronomy 
the 19th lunar mansion in Scorpio, consisting of 
9 stars, one of* which is of 2nd magn. 

( 29 ) Brightest Star in ‘ Uttharashadha’, in Hindu Astro- 
nomy the 21st lunar mansion in Zodiacal Constel- 
lation Dhanu ( Sagittarius ), consisting of 3 stars. 

^) Markab or Alpha Pegasi— in Hindu Astronomy one 
of the 2 stars (both of 2nd magn.) in ‘Purvabhadra* 
or ‘Purvabhadrapada’ or ‘PratishthanaV 

(ufirePf)ithe 25th lunar,mansion. 

Note— Markab is a white star in the northern Constellation or ‘Square’ 
of Pegasus called the ‘Flying’ or ‘Whuied Horse.* 

(31) Algeftib or Gamma (Greek letter) Pe^si— ‘C6pada* 
in Hindu Astronomy— in the Square of Pegasus. 

(32) Alpheratz— in northern Constellation Andromeda 

* — ‘Uttharabhadra ’ or ‘ Uttharabhadrapada’ in 

Hindu Astronomy, the 26th lunar mansion in 
Zodiacal Constellation Meena (Pisces), consisting 
of 2 stars both of 2nd magn., identified as Alpha 
i^pd Beta Addiroinedae respectively. 



^pha Ilsrdrae<~ Southern 
Ctf Sea Serpent, known in Hbtk 
* Ashl^sha * (w^) or * Naganfljraka ' or *Naga* 
nakshatra’, the 9th lunar mandon in Zodiacal 
Constellation 'Karkataka' (Cancer) condsting of 5 
stars, one of which is of 2nd magn. 


Ap«ra0 dbtoHce 
from iht Barth 


Stars tke 3rd maan. (except one or two 
mentioned later) whose IndlvCdnal dls-« 
taneesarenot avidlable: — 


} 102L.Y. (Bahtr)B 
S99 trillion n. 


Brightest Star in northern Constellation Delphinus 
or Dolphin — ‘Shravishta’, ‘Dhanishta' or 
*Vasud6vata’ in Hindu Astronomy, the 23rd lunar 
mansion in Zodiacal Constellation Aquarius, consist- 
ing of 4 stars. 

Gamma Andromedae— a double star, one of 3rd 
magnitude of orange colour, and the other of lesser 
magnitude of green colour. 

(36) Brightest Star or Stars in (^nstellation ‘Shatabhisha*, 
in Hindu Astronomy the 24th lunar mansion in 
Zodiacal Constellation Aquarius, consisting of 100 
stars. 


> ^7) Brighter of the 2 Stars in * Purvashadhd', in Hindu 
Astronomy the 20th lunar mansion in Zodiacal 
Constellation Sagittarius. 

. BetdllPygni— a most beautiful, coloured double 
star— one of 3rd magn. of a golden-yellow colour, 
and the other of 7th magn. of a light Uue colour. 

AfipraxbiuiltdbUitic* 

* fromIhaBrtih 

, (39) Algol or Beta Persei in nor- 1 its h.H,(Biuyd. Br.^z9)== 
them Constellation Perseus j 875 trauon m. 

Not#.— AhW* hi * variable atar aad la iMUce called *Tbe Wiaking 
Pmaon ** Um ?iid W 4^8 t diw ^ 



litiioit V 



to the satne totetvei of thne. It li 
* f ^ **"”* that of the auii. Ite diametw^ 

is ifitm nu {Etu^ BrH^ W29). Another Giant ^ It has a foint or daii 
Compaq who^iameter is, strangely enoi«h. sttU larger, viz., 3,06^500 ffl* 

(EaO'tf* A)f.> 1929), giving us stm another Giant Son. 

(40) Hyades, a Cluster of 5 Stars in 

Zodiacal Constellation Taurus 


130L.Y. 

764 


} 


Average distanu 

^ ^ from the Earth 

Stars of the 4th ftias;n. whose 'I 

individual distaribes are not avail- U iBaker)^ 

able*— 1 834 trillion m. 


(41) Eta Caaa^peia— in northern Constellation Cassio- 
peia ^or Lady’s Chair-Constellation ‘Shannishta* 
in Hindu Astronomy — a coloured double star, one 
of 4th magn., yellow, and the other of 8th magn., 
purple. 


(42) Brightest Star’in O)nstellation ‘Bharani’ (wfBft), 
the 2nd lunar mansion in Hindu Astronomy, con- 
sisting of 3 stars. 


(43) Delta ( Greek letter ) Cancri — ^brightest star in 
O)nstellation ‘Pushya,’ the 8th lunar mansion in 
Hindu Astronomy, in Zodiacal Constellation Cancer, 
consisting of 3 stars. 


(44) lota ( Gredc letter ) Cancri— a double star, one of ' 
4th magn. of orange colour, and the other of 6th 
magn. of blue cofour. 


(45) Brightest Star or Stars in Constellatiq|li‘Pi8cii4i— » 
Constellation ‘Rdvati’ in Hindu Astronomy, t% 
27th or last lunar mansion, consisting of 32 stars. 


didIhut 
jrom the Earth 

(46) Mira or Omicron ( Greek letter ) 'j l y. ( soer ) =* 

Ceti, or The Wonderful’— a vari- 1> ggg tion 
able binary star J 

I Note.— It ii in tfae Ceti^ or Whale, a huge constellation in the seuthen 

« bd .%# o»»r. n .«b. f™. «b » M. -WL b »t 



tiun ntnnw ‘graditalt]r J|te orWliial btl^mm ia 1II» mm 
loiteirral of time. Wbmi brightest it is 509 times brighter mmi mbmi litehMb 
im dBameteris259;80O,0OOih.‘--( £miwr). Another Giant Son. 

Amtoi* dbiiMct 
from a* Earth 

Stall of the 5tli magn. whose V 192 L. Y. (Soihr) s 

imfividttal dlstaiices are not |> iqitwfcflliona 

hvailable: — j 128 trillion m. 

<47} Brightest Stars in Constellation Corona Australis 
or Southern Crown • * 

A^oxkmtU dttkttuo 
from m Barth 


192L. Y. (Ballir)a: 
1*128 quadrillion m. 


(48) Beiefgeuse or Alpha Orionis— ' 
‘ArdrS* (mntl) or'Bahu’inHindu 
Astronomy-— in southern Con- 
stellation Orion or Hunter 
CMrigashira' in Hindu Astro- 
nomy)— 1st magn. 

Note » 


Orion is the most remarkable of all Constellations. It contains 
2 stars the 1st magn, and 5 of the 2nd, and has in its vicinity a 
nnmber of very brilliant stars. The splendid Ist magn. star, 
Sirius, sparkles like a gem in the line of belt downwards to the left, 
while another giant star of the 1st magit., Aldebaran, in Constella- 
tion Taoms, pours forth its lustrous glow from a pomt above to the 
right. 

r Betelgeuse is a red star 1,^ times as bci^t as the sus. It 
varies in its size, but its *maximuin diameter is 260,000,000 
m^iBakar). Another Giant Sun. Its snrfece temperature is 
2,71^ C.— (,4660#). 

The ancient Hindus gave the name of Mrigashfira to Orion, as 
saw % it a resemblance to the head of a deer pierced with 
a t|j|^e-joiotml arrow. The Rlg-v6dic version connecting the deer’s 
imad wito constellation is that it is the head oi the demon 
VriM ( supposed to be the personification of darkness and drot^t) 
in the form ai this animal, struck off 1^ the storm-god Indra* la 
Hindu Astronomy, Ardra or fioAu is the 6di lunar mansion consist* 
ing of one star only, and the ConsteUation forms foe 5th'^ 

laimr nuumiott o(w 





m 

AtpnukHOtt dblaiiet 
from Iko Earth 

(49) Scheat or Beta Pegasi— 2nd ) a 04 L. y. (Bakar)m 

inSSn* j 1496 quadrillion m* 

Note.— Its surface temperature is 2^50® (i4Ma0'<J^ diameter* 

is 34»640,000 m. (Baker) . Another Giant Sun. In Hindu AstronoiiMr it is the 
second star in the 25th lunar mansion PurvkbhSdra, ^ 

^50) Beta Cruets — in Constellation ) 204 L. y. » 

Southern Cross 1st magn. j 1*196 quadrillion m. 

Note 

It is a bright bluish star* 

The Constellation Southern Cross is known in Hindu Astro- 
nomy as Trishankut consisting of 7 stars, 2 of which are of 
Ist magn. 

* In Hindu mythology, Trishanku was a celebrated monarch of 
the solar race, king of Ayodhya and father of the great Haris- 
chandra. He was a wise, pious and just ruler, but had one ^eat 
weakness. He loved his person to an inordinate degree. Desiring 
to perform a sacrifice by virtue of which he could go to heaven in 
his mortal body, he requested his family-priest VashishtaAo officiate 
for him. Having met wnth a refusal, he called upon his hundred 
sons to do so, but they too declined. The king, in his rage, called 
them cowards and impotent beings and was in return cursed and 
degraded by them to be a Cfaandala ( an outcast ). While he wa^ 
in this wretched condition, Vishvamitra, whose family Trishanku 
had in time of famine laid under •deep obligation, undertook to 
perform the sacrifice and* invited the gods to be present. They 
however declined, whereupon the enraged sage, by hisf owh power, 
lifted Trishanku into the skies with his dearly cherished mortal body. 
The kixig soar^ higher and higher till his head struck a^nst the 
vault of heaven, whence he was hurled back headlong by Indta 
and the other gods. The mighty Vishvamitra however arrested 
• his fall in the sky, saying * Stay, Trishanku', ttnd the unfortu- 
nate monarch remained suspended in free space with hii head 
towards the earth as a constellation in the southern hemisphere. 

(51) Cnias--m I 233 l.y. (Bai«r)= 

^utbeijpuPross — 1st magn. J i*37 quadimieuiii. 
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aba a brii^ blaiiA'alar liai la lii600 

Utaaifiiju'.''' 




J^pnxhiittti dStlaut 

4 from du Barfk 

^ J^tica or Alpha Virginis—in Hindu' 

&tronoiny ‘Chitra’, the 14th lunar ^ » v /»*-.% 
>^nsion in Zodiacal Constdlation 
- Virgo consisting of one star only- I'S^dtiadnUion m. 

1st magn. 

Note.— Anothn Giant sun. It is a blue>wliite star 1.500 times as bright 
astbeaun. 


272 L.Y. (Bafe(r)« 
l'S99 quadrillion m. 

(54) Beta Centauri— 1st magn. }i 74 q^dffi^£ 

Note*--Centaur contains 2 stars of the Ist magn*, of which Alpha il 
of 1st magn. only as a double star. Beta Centauri is a blue star 3»000 times 
brighter than the sun. Its diameter Is 9,526,000 m. and surface temperature 
21*000^ C— -(Bfllwr). Another Giant Son. 

(55) Pleiades, a group in Constellation 
Taurus— ‘I&ittika’ or ‘Bahulika’ 
iif Hindu Astronomy 

Noto.<--The brightest star in Pleiades is Alcyone (3rd magn.)> which is 
IgOOO tunes as brilliant as the sun. 

* Krittlkh * is the 3rd lunar mansion in Hindu Astronomy. It consists of 6 
«^s^ which* in Hindu mythology* are represented as six nymphs nursing 
Kibitilteya, the god of war. 

(56) ' Constellation Perseus ... . | 

OU) JivCTage Distance of Stars of the I 362 L.y. 

7tfl magn. J 2 *l^qua&lhonni. 

(58) ANTARBS or Alpha Scorpionis or 
Cor Si^rpionis (Scorpion’s Heart) 

— ‘Jydilita’ in Hindu Astronomy 
— -Ist imign. 

, Now.— It is a very brilliant star of red colour, with a surface 
tunperature of 3,100^ C., andadiameterof415,680,000in.— (B*^)* 
Another Giaht Sun. Antares is the largeot star ao far discovered. 
Ilk 4,000 tiniM^ 


362 L.Y. carter)* 
2>128 quedrSUon m. 


} 326 L.Y. 

l>916quadri]]ion m. 


(53) Average Distance of Stars of 
the 6th magn. 



is tils 18th lauSf 


U Astrolwmy, 

ocm^ting of Sirtars. 

(59) Rasalg^i or Alpha Hercules — a 
coloured^ double star, one of 3rd 
9L?’^®“8e colour, and the i 
other of 6th magn. of green colour J 

h[ets* 'Its d yni stcr is 346|000|000 in.~~(Jsoit5 snd 
Giant Sun. Its autface temperature is 2,500<> cI—(AWo/ ). 


408L. ^ (Sa*«r)4 
im 

V. 


(80) 

(61) 


}“ 


Average Distance of Stars of the I soi l. y. (Baka)z 
8th magn. ^ 

Rigel or* Beta Orionis— ‘Banaraja’ 
or ‘Bharata’ or ‘Neela’ in Hindu 
Astronomy— 1st magn. 




945quadrillton m* 

S43L.Y.(Baker)zs 
192 quadriltion m; 

Note. — It is an extraordinarily brilliant blue-whit© star and 
is the brightest among stars of the 1st magn., being 15,000 timAa as 
bright as the sun. Its surface temperature is 16,000® C., and 
its diameter is 18,000,000 m. by radiometer.-( Abbot ). Amother 
Giant Sun. 

(62) Average Distance of Stars in CJon- 1 eoo l. y, (Brac(f)ss 

Stellation Orion j 3-^ quadrillion m. 

(63) Canopus or Alpha Argus— in'! 

southern Constellation Argo Navis 

* AflrsicfYy!i’ in HinHii Actmnntnv 


652 L. Y. {Bfody)^ 
3*833 quad^Uon m* 


— ‘Agastya’ in Hindu Astronomy 
—1st magn. 

Note.— Another Giant Sun. It is an exceedingly brilliant star, over 
10,000 times brighter than the sun. In Hindu mythology, the sage Agastya 
is represented to be the regent of this star. ^ 

(64) Dgne&orAlphaCygni— 1st magn. 


Note.— Another Giant Sun, also exceedingly brilliant, being 10,000 
Umes as bright as the son. It is of white colour. 


(65) Stars of the 9th magn. 

(66) Stars of the 10th magn. 

(67) Stars of the 11th magn. 

(68) Stars of the 12th magn. 


AvtragiiistttHe* 
fromtheEartk 
) 693 L.Y. (Bote/) s: 

'** j 4-074 quadrillion IB. 

1 9S9L.Y.(Baft«r)= 

I 5-638 quadrillion 0. 

) 1B04L.Y. (Biter) ?* 

”• j 7-666 quaitajlUonin. 

■» 1.811 L.Y. (Balter) « 

••• y 10-648 quadrilhipD^^;: 



/'CkR^^ 

Ftom the iof<Mrmatioii given in tiie foregoing list Mange three 

% 

(1) The apparent huge area in space taken up by the Stellar 
Creation, as compared with that occo{ued by the Solar System 
of whkh the earth is a member. 

(2) The unimaginably vast distances from oyr sdobe at which 
stars dwell. 

t. 

(3) The staggering sizes of a number of stars called Giant Sana 

We are told Jeans, as has already been mentioned, that the 
gigantic lOO-tncb telescope at Mt. Wilson has revealed the existence 
of about a billion and a half stars. He estimates their total numbdl: 
in the universe at over 100 billion. The question may be asked 
* Is not space overcrowded by these countless hosts ? ' A ready and 
convincing answer is supplied by a high authority in the form 
of another question : — Were the Mediterranean Sea inhabited by 
<mly a few hundred fishes instead of by incalculable numbers, could 
that sea be said to be overcrowded by fish ? ' The Stellar System 
is about 300,000 light-years or 1*7625 quintillion miles in diameter. 

It will have been noticed that in some cases two stars, though 
^^idionging to the same constellation, are separated from each other by 
ojormous distances. For example. Alpha and Beta Geminoirum lie 
62 trillion miles apart, AlpEa and Beta Crucis 172 trillion 
nnles. Alpha and Epsilon Eridani 327 triUion, Alpha and Beta 
C<mtauri 1 quadrillion and 715 trillion, Betelgeuse and Rigel 
is Orion 2 quadrillion and 64 trillion. Alpha and £ta Hercules 

2 qnadrilUon and 167 trillion, and lastly. Alpha aod 61 Cygni 

3 quadrillion and 769 trillion miles 1 

We now come to the most interesting and impressive feature of 
^ stellar creation, viz,, the sizes of the ^liantic stars or Giant Suns. 
Prmn Abbot’s book. The Earth and the Stars, we find that the tot^ 
number of such stars discovered up to 1925 was about 800. We 
Aall now proceed tob^ve a foliar idea of the sizes of those Giant and 
SnpM'giaht Suns w^se diameters we have been able (jp^ace. 





Alt«lt'(#iaiBt*wWte giant) —Shranatia 

Sirios (a white giant) —lAtbdhaka 

protijron (a pala-yellow giant) — \ 

Trabhashaka’ ) 

Vaga (a white giant) -~AbhifU 
Algol , t 

Algol's Faint Companion (a ‘daik’ giant) 

Regoina --'Magha' 

Alpha L^da, inindpal atar in the 
southern ConstdUation Lepoa, the 
Hare, situated directly under 
Orion. Diameter 7,794,000 m. — 
{ChanAer^s Eneyd^ 1925-27) 

Beta Centaur! (a blue giant) « 

Capella (a yellowish-white giant) ) 

-—Brahmakriat^a ) 

Rigel (a^Wue-white ^ant) —Bhttr<Ua 

Eta Draoonis (a ydlow giant) — ) 

Diameter 18,1M,000 m. — |' 

( CfuuAtrs’s EnQfd, 1925-27) } 

Arctunm (a red giant) — *Svati’ 

Aldebaran (a red giant) — ‘ROhini’ 

Scheat (Beta Pegad) — TurvabhadrS’ 


Betdgeuae (a red giant) — ‘Ardra’— - ) 
variable in diameter 1 

Mira or Omicron Ceti (a red giant) 

Rasalgeti oc Alpha Hercules, a douUe 1 
star, one of orange and the other 1 
of greencdour ) 

^Antaraa (ated giant)— 


274,625 


19 million to) 
27 « J 

27 „ 


63-78 „ 
llO-M „ 
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vvowoB^m^rntmatm 

V 

Ima ginatio n raels ftt the stapendooe iUm of theM UtaM trf the 
Uidverae. As we oontamplate them, many <d ns wm be reminded 
of the poet’s lines so funQiar to every schoolboy and sdhoolgiri 

' Twinkle, twinkle, fiMte etar. 

How I wonder what you are’, 

% 

wUle tite smallest star* Van Maanen’s Start is possibly ci about 
the same size as the earth, and the largest-known 143 trillion times 
l^ffifer thnn onr gtobe. * Jyd^ta ’ in Sanskrit means ’first’, ’chief, 
'aeniormosf or ’pre-eminent’, and Jydshta is a most appropriate 
n ame for Antares, the biggest Colossus of the S&llar System. 

The smallest-known stars are the ’white dwarfs’. Red giants 
are those whose snrface is at red heat, and white dwarfs those whose 
surface is at white heat. Occasionally a giant star has a very small 
companion. We are told by Jeans that the red super-giant Omicron 
Ceti (Mira 'the Wonderful’) has been found to have a faint compa- 
nion, a white dwarf. Jeans has a simple, inimitable style of expres- 
sion, at times humorous, which should ^ry conviction even to a 
child. ’If the stars had a sense of humour,’ he remarks in a special 
article in Hindu Illustrated Weekly, referring to what looks like an 
nnnatnral association between this ’giant’ and the ‘dwarf, ’this ill- 
assorted pair ought to create some merriment by their absurd 
incongruity and inequality of size. Landseer’s ” Dignity and Impu- 
dence ” is quite outdone ; it is as though an elephant and a sandfly 
were to join hands and travel together through space.’ Let it not ba 
^forgotten, however, that such a description has reference only to the 
ifeilative sizes of the two stars, fd^ this ‘sandfly’ may approach or 
even exceed the earth in size. A somewhat similar instance of 
onnataral companionship is found on the earth itself. The 
I»lot-fish, a small creature about a foot long, accompanies large 
sharks which vary from 36 to over 60 feet in length. It be may added, 
in passing, that it frequently follows ships for weeks and even 
months together. Sailors imagine that the pilot-fish guides the 
ravenous animal to its food, and hence its name, though naturalists 
think that its real object most be to pick up morsels of food un- 
worthy of the shark's notice. In that case its object in following 
ships must be to pick up leavings of food thrown overboard. 

But in qiite oLthe phenomenal sizes ci the giant stars, their 
masses are conipajpitively very small. According hyBaker, the 



.f ■ ‘ 



mwuKW «rf tiw) gr<|^ ouiority of stars tango finn 0>2 to S Hines (bit 
of toe son. Jeadb says that iwobably very few stars to fitOe 
as a tento of toe son's weight. « 


Let os now *pot into the scales’ 
and take the readings : — 


some of these remarkable objects 


Nsnie of Star 

Times the 
Sub's I4ass 

Times 
the Earth’s 
Weight 

Weight 
in tons 

SiriusB 

• 

0*85 ijeam] 

1 282,157 

1*36 ccWtion 

Alpha Centaorl B 

0-97 

321,991 

2.12 „ 

Alpha Centauri A.— MUra 

114 

378.423 

2.5 „ 

?tccyaa A — ’Prabhashaka’ 

1-24 „ 

411.618 

2.7 „ 

Sirius A •^ LMhaka 

2-45 „ 

813,277 

5.36 „ 

Capella A (bifghtar com- ) 

ponent) — Brahmahride^a * 

4-2 (Balxr) 

1,394,190 , 

9.2 , 

Mira (Omicrou Ceti) 

5 

1,659,750 

10.9 

Antares — 'lySahta' 

18*88 

6,267.216 

41.3 „ 

iST. B.— Baker gives the mean 
density of the substance of 
this star as S/lO-millionths 
of the density of water, and 
the values given here are 
worked out on this basis. 


1 


Betdgeuse -»*Axdra’ 

194 

6,506,220 

424 , 

M B.— The mean density of * 
the material of this star is 
given as l/1500th of the den- 
sity of air at oq|i level. The 
values shown here are cal- 
culated on this basis and on 
the basis of the mean diame- 
ter of tihe star which has 
been taken to work out its 
• volume. 




I^laskett B 

63 (/eons) 

20^012,850 

137.9 » 

Plaskett A 

" \ ' r~ 

75 

24,886t?50 

_jlI 

t . 

1 
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lamm ts tlitis 75 tiines haavier ttoa the son. 
0^ mter ceinarks that aUrs of a outside thl^Hmit of 

of the son ^not possibly exist as they would burst of their 
very bulk. But in view of the discovery in regard to Plaakett^ this 
limit most be raised to somewhere above 75 times the sun*s mass. 

According to Jeansi the superficial temperatures of the hotter 
stars may be as high as 70»000^ F.» over 38,00(fi (he bterior 
temperatures must be from 115,000^ to 29 million deg. C. and the 
temperatures at the cores of the« densest s^^ 58 million to 
290 million deg. C. 1 Even with regard to temperatures of 30 to 60 
million deg. C.| the values are so appalling that it is almost impos- 
sible to conceive what such an amount of heat means. Jeans gives 
a graphic idea of it 

‘ Let us, in imagination, keep a cubic millimetre of ordinary matt^r- 
a i»ece the size of an ordinary pin-head— at a temperature of 50 million 
deg., the approximate temperature at the centre of the sun. Incredible 
though it may seem, merely to maintain this pin-head of matter at such 
a temperature— i.#., to replenish the energy it loses by radiation from 
its six faces— will need all the energy generated by an engine of 3,000 
million horse-power; the pin-head of matter would emit enough heat to 
kiU any one who ventured within a thousand miles of it* 

Of stars of 1st magnitude! the three brightest with a luminosity 
lOfOOO times as much as the sun’s or more, are, as already mention- 
ed, Deneb, Canopus and Higei, whose light is respectively oi 
*^32’3 nonillion, over 323 nonillion, and 48*45 nonillion candle-power! 
Speaking generally, the heavier the stars, the more luminous they 
af^ but their luminosity is considerably greater in proportion 
to their weight. According to a simple empirical formula, the 
laminosity of stars is just proportional to the cubes of their masses. 
But we learn from Jeans that there are exceptions vrfiere the lumino- 
sity is immensely disproportionate to the weight. Thus Sirius B is 2*9 
times heavier then Sirius A, but is 10,000 times more luminous. Pro- 
^yon has a companion whose we^ht is only 33 times that of tl^ 

^ main star, but its luminosity is 180,000 times as much, so that it 
is very nearly a million times as luminous as the sun. The lumi* 
nosity of Sirius £ ii thus 850 nonillion, and that of Procyon’s com* 
panioii 23 da«|||i^ candle-power Procyon J3 would thus 
p be tip w of all the stars yet dis^ered*^ 



uoVfMB, vtmuuA kBatou * 
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Stan aca thus tiw most interestiag bodies in the whole host of 
heaven. *Ths (tontemplation of celestial things’, lemadcs Ciono^ 
‘will make a man both speak and think moie snblimely and 
magnificently when he descends to hnman a&irs. ’ The glory of the 
sun and the moon and of the wonderful panorama of a Huar ni gTit’ 
sky has been sung by poets in all ages and in all dimes and is so 
beautifully, though tersely, expressed by India’s great poet-saint, 
Kabir: — 

* The Hidden Banner is planted in the temple of the sky ; there the 
Mue canopy, (ndted with the dbon and set with biri^ht jewels, is spread. 
There the li^t of the sun and the moon is shining; sM your m8n.i to 
sileaoe before that sdendour. Kabir says. " he who has drunk of this 
nectar wonders like one who is mad.” ' 

The contemplative mind perceives the Finger of God in the vanlt 
of heaven more than anywhere else in the universe. Thomson gingg 
in*ecstasy : — . 

' How can I gaze upon yon sparkling vault. 

And view the planets rolling in their spheres. 

Yet be an atheist ? Can I see those stars. 

And think of others far beyond my ken. 

Yet want conviction of Creating Power? 

What but a Beii% of immense perfection 
Could, through unbounded spaces, thus dispose 
Sudi numerous bodies, all presumptive worlds ? 

The undedgning hand of fidddy Chance 
Could never fill, with globes so vast, so bright. 

That lofty conclave I ’ 



CHAPTER XVn 

The Ui^'SteOar afi^ Nebular Region 

* Our earth is a tiny appen4||(e to one, and a tather inconqticuous one^ 
of this vast ondtitude of stare , . . Vtk begin ^ see now how 

insignificant our home in q>ace really hf i if humlliQr is a lyirtue to be en< 
oowaged, the study id astrontnny can do touch to incidcati: it ' 

—Sir /anus /tant 

We have divided the Stellar Region into two parts, the 
Lower and the Upper ( in the sense of ‘NearCT' and ‘Farther’ 
respectively), as;it’4a.inore convenient and appropriate to 
deal with Star Cluai^ llong with the Nebulae and to 
consider them separ^M^ from the main stars and the con- 
stellations dealt with in the last chapter. 

Sitor Clusters and Nthulae are two remarkable classes of 
celestial bodies. The former are vast collections of stars 
grouped into what are called Qusters. Sometimes a cluster 
consists of an eaormd'iifi^iunalli^r of stars, sometimes of colour- 
ed stars of ^eat brilHai^^ sometimes the stars are group- 
ed in a striking form, sdoi^imes the shining points are so 
close together that it is M|iossit>le to distinguish the rays 

the individual stars, and sometimes the stars are so tiny 
OT remote, as in the case ctf the cluster in the Constellation 
of Hercules, that it is difficult to > distinguish the cluster 
fn^ a Nebula. In some clusters the separate stars are 
visible to the naked eye, though only as globular cloudlets 
of faint light, the best-toown being the Plmdes in the 
Zodiacal Constellation of Taurus. Most of them, however, 
can be resolved only in a large telescope. Viewed through 
it, th^ are revealed in all their grandeur. Some clusters 
, have beat found to be vast aggr^ations of variable stars. 

Amcmg the 4^a^s remarkable for their richness and 
the brilliancy o^he individual stars, may be mentioned » 
ifficse m the Clld||iati^^ of Pemua^ that part of it which 
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-^S-' * ■'■■'■ ' 

iscaB^ ^ Sword-handle, and those hi \b& Mtky Wot 
(described 1^) near the Southern Cam. The latter, ofS 
course, areinvisible from the northern hemisphere/' The 
most b^utiful cluster in the northern heav&oS is the one in 
Hercules, which ojntains thousands of stars concentrated 
in a very small afea. 

Nebulae are faint cloudy spots or stains of light on the 
dark badcgrcmndof lhe sky, ftrfihersed in the depths of 
space Unlil|| clouds, whi^h shine by the light of the sun. 
Nebulae, when ^ell developed, are self-luminous like the 
stars. They consist mainly of glowing gases of extreme 
tenuity, hydrogen and helium having been detected in some 
of them. When far away from the sun, Nebulae look like 
comets or star clusters. But uidike^omets, which move 
about in the sky. Nebulae remaln|iixed. A cluster is 
resolvable into separate stars in a tel^ope, while a Nebula 
cannot be so resolved Ijy the most powerful telescope in 
existence. Nebulae exist in three different shapes— cir- 
cular or annular, elliptical and spiral. About 8,000 Spiral 
Nebulae, each believed to be a universe by itself, have 
been so far discovered. The-tetaliiniUnber of these ‘island 
* universes’ is estimated by Dr. E^n P. Hubble of Mount 
Wilson Observatory at 10 milliohi| ( 

Nebulae are believed to be the birthplace of stars. Th^ 
circular ones exist in two forms ; spherical and flattened; • 
The former appear like fluffy balls of gas or clouds of fine 
light particles. These are yet in the early stages of deve- 
lopment and no stars are observable in them. It is only 
when they haire assumed a highly flat shape that stars 
hogin to form in them. They are first evolved at the outer 
regions of the Nebulae, and the more flattened the Nebulae 
become, the larger is the number of stars present in them, 
lintil at last the central core also is occupied by a multitude 
of stars. So from a light, featurel^ globe of gaseous 
matter the Nebula grows to become in dje fulness of time 
an inunense star-land. It is ‘highly ps^bable that the 
stars conje ii|to existence through nebtdp^s masses of gas 







into a dUpBOf ateam 

cs^o^iimses into drops of water V says Jeans 
arddb on ‘The Origin of the Universe’ in the Hindu 
Mutated Weekly of 16th August 1931. He concludes his 



explanations as follows:— ^ * - : 

' Let w look tndc!Mi!h|pia^ ^e» aSd tty to 
history of our son. Af j^sit we seei^il merely as a flufBer, 
a larger, and a more lonlnKiit^obe man now/ We can look 
still farther t)ack to the time when it is not ^ a^jc at all, but a 
still more fla£fy Mob of gas, mixed up with thousands of others in 
a nebula of fuzzy gas — ^tbe nebula destined ultimately to condense 
into (MU' star>city. And the rest of space is also (xxupied 
by other gaseous nebulae which in the coarse of time will form 
other star-cities. 


* We can look even further back in time^ although only rather 
conje<±)raIly. Imagine that, at the beginning of time, the whole 
sotetance (d the universe was scattered through space in the form 
of gas, this gas being distributed through space as unifcumly as 
tile air we breathe is distributed in a large hall or cathedral. It 
can be proved that the gas would not stay spread uniformly 
through space in this w^y. Just as a cloud of gas condenses into 
stars, this cloud of ^ would soon begin to condense into' 
detadied blobs. ^ . ' 


‘ Agaun we can calculate how much gas wonld go to ea(di ball. 
.And the result of the calculation b significant. We find that 
each ball would contain just about ^ much gas as the nebulaa 
we believe are destined to form star-cities. 


* Thus it looks probable tiiat the matter of th^oniverse started 
as a gas uniformly diffused through space, and thb gas condensed, 
as it would have to, into distinct detached blobs, whkh are the 
present nebulae. If this conjecture is sound, we can piece 
togetiim: the story of the evolution ot the universe. * * 

Those Nebulae which lie in or near the plane of the 
Milky way are tailed Galactic Nebulae, and those which 
ex^ otttsid# plane are known ag h^tra-galactic 
Nebulae, ^ 



0PP8ft%l^nUUM & NEBULAS REGION -JSJ 

The ll^ttimt comes from the nearest globular cluster 
of stars begafti its long journey across space towards the 
close of the first half of the Stone Age, that is, in thdgladal 
period in the geologic time-scale, when the Vddic Aryans, 
if we accept Tilak’s theory, lived comfortably in their 
Arctic homeland near the Kerth Pole, while the fight which 
comes to us from the nearest Spiral Nebula started on its 
voyage in the Terllary Epoch or the Age of Mammals, that 
is to say, bffore the crea^n of Man ! 

The size^of*Nebulae are far in excess of that of the sun 
or of the largest of stars. Most of those known are miliinniiy 
of times larger than the entire solar system. 

Even so gigantic a body as the Nebula has not escaped 
the astronomer’s scale-pan ! We are told by Jeans that the 
Average Nebula weighs two or three billion times as much 
as the sun. Even on the basis of the lower of these two 
values, we find that this weight amounts to the staggering 
figure of 4, 377,094,000,000,000,000,000, 000,000, 000^ or 

over 4,000 decillion tons ! 

Appronmaie distance 
from the Earth 

(l) Inner Border of the Way or' 

the Galaxy-~Nabkassarit in Hindu 4.ooo L. Y. {Huga 
Astronomy, or ‘Akasha Ganga'V 
(the Olestial Ganges) as it is 24 quadrillion^ 
called in the Marathi language J 

Note.— The Milky Way is a broad band or girdle of faint light 
sweeping round the heavens like a gigantic arch and consisting irf 
millions of sters grouped in clusters, some remarkable for their 
brilliancy and others for the vast number of stars contmned in fliem. 
The stars are generally so closely packed that the whole assemblage 
looks like a track or stream of faint * milky ’ light. Milton describes 
• it in Paradise Lost; — 

‘ A broad and ample road, whose dust is gold 
And pavement stars, as stars to thee appear, 

Seen in the galaxy— that Milky Way 
Hiich. nighriy- as a drding eone, thoix|«« 

Powdered with stars, * 

• 



Way i* a ooivacM of sWa by itntf. RlKliaW fbe 
oae nolex qalBm belongs toii * 
distanoe is ttat given by Dr. Hugo Sleeger* Director 
of ibe Munich Obeervatoryt Bavaria. 

dkkmee 

fnmOuBtrfk 

m) Stars in the Milky Way - 

Nete.*-* More than W nUBion stirs er 6 per cent of thehotai number so 

tor discovered in the whote universe lie in yie Milky W|pr. 


(S) Externa] Border of the Milky 
Way 

( 4 ) Nearest Globular Cluster of 
Stars 


) 93«)L.Y.(5SiM«er) = 
j 55 qusdnffion m. 

■> 21.000 L.Y.a» 

f 123 quadrillion m. 


(S) Messier 13, a famous Star 
Clustm: in Constellation Her- 
cules 


) 


3S^L.Y.(Ski^)it 
206 quacttilUon m. 


Note.— This group cimtains neariy S0,000<stars, the smaller of which 
have beat found to be 100 times and the larger 1,000 timea as large as the 


(6) Nucleus or Centre of the'I 
Astronomical Universe, about 
which, according to Shapley, it 
is whirling in space with its 
billions m stars including the 
brilliant Giant Suns and other 
luminous celestial bodies and 
the Nebulae, likQ a gigantic 
illuminated disc wheel 


«,OOOL.Y. iSka^)^ 
382 quadrillion nbhs 


Note. — This central hub about which the wheel ci the Astrono- 
miciiU Universe is said to be spinning, is estimated by Shapley to be 
29,060 L. Y. ( 170 quadrillion miles ) across and 16,000 L. Y. [ 94 
quaihfflion miles) thick, and situated in the direction of tire Zodiacal 
CoEOteOiriion ot Sagittarius. He is carMul to explain, however, 
that this mideas is the centre of only Uiat uidverse with which 
jastrono m ical science is familiar and which it can measure at the 
present time ; in other words, the centre of one particular visible and 
oomprebensible umverae whidi forms ouy galaxy, and not the centre 
^^(iientmspf |l|e ent||$ Stellar Cfeatim^ 


^ w j ; 

Not«v— Magellanic Qouds are two conqdcuous whitisii Nebdae of a 
doud-lite aigiearance near the South Pole, They are viaiUe to the nngi^M 
eye. The m a x i m u m diameter of the Lesaer Cloud is 6.K0 L. Y. (Bdterf 
or 38 quadnUion m. 

) 110340 L.Y. (Bflife^)ai 

Ma^layic Cloud • j osi quadrii^ m. 

Note^r-lta greatest diameter ja 14,018 L. Y. {fiaktr) or 82 quadriOitm m. 

(9) Farthest Globular Clusters "I 220300 l, y. (/«i«s) = 
of Stars yet discovered 3 i’29 quintuiion m. 


(10) Afesder 31, the Giant Spi- 
ral Nebula in the Conso- 
lation of Andromeda 


} 


800,000 L.Y.(aHfr6{e) a 
4*7 quintiUon m. 


Note. — According to JDt. Russell, the diameter of this great 
Nebula is 40,000 L. Y. ( 235 quadrillion m. ). It is the only Spiral 
Nebula that can be clearly seen without the aid of a telescope. In 
fact, it is the remotest heavenly body visible to the naked eye. Its 
mass as estimated by Russell is about 3 billion times the son’s. 
The we^ht of this Nebula will therefore be about 6,565 decillion 
tons* Its luminosity, says Jeans, is 660 million times the sug’s, 
that is to say, over 2,100 decillion candle-power ! 


( 11 ) 

( 12 ) 

(13) 


Nebulae in the Constellations 
of Coma and Virgo * 

Nebulae in the Constellation 
of Cmtaurus 

Farthest Distance at which 
Nebulae have been revealed 


} 

} 

} 


10 million 

= 59quintillionnL 


100 million L.Y. 

= 587-5 quintillion m. 


140 million L. Y. 
8^-5 quintillion m. 


Note««— Spixal Nebulae at this vast distance have been discover* 
^ by Hubb^ probaNy the greatest space-sounding expert of 
the day. 

We learn frofn Russell tbat the brightest stars in the MageHanic 
Clouds show a brii^ttiess (photographic) ranging trom about SOgOOO 
to 50»000 tirrm that of tiie sun* Jeans mentions a star in the 



t Ctond named S Dotadna wboae avnags' Ino^BO. 

ai^ tt over SOOtOOO tintes and nuixitntiiu over hall 0 miHioin' tfahM 
file lominosity of fiie son, so that, at its brightest, its %ht will 
amcMint to mwe *h*n 1*6 decillion cauodle-power t S Dorados is 
fiierefore the most luminous star discovered, next to Procyon B. 
Hobble, says Russell, estimates that on the average the Nebolae 
are 15,000 times as bright ( photographically ) as the separate stars 
that c*" be seen in them, and that the faintest Nebula giv^ out 
60 million times, the typical Nebula 600 million, ^ Andromeda 
Nebula 1 billion and the brightest 6 billion timesifiM^on’s lii^t I 


Condtidlng Remarks 

It will have been noticed from the foregoing items that the stellar 
universe to which we belong is far from being the largest system ip 
In his book, Flight from Chaos, Shapley endeavours to 
classify the various types of material bodies and systems and to 
anai^e them in the ascendii^ order of lize. The book bears the 
sob-title *A Survey of Material Systems from Atoms to Galaxies’, a 
feat attempted for the first time m the history of science. 


'There is*, he says, 'no avoiding electrons, whose diameters are 
a millionth of a millionth of a millionth of a mile when we measure 
tbigipdactic system, whose diameter is a million million million miles. 
We r yed to consider the behavioor of the individual radiating 
Imdian^ consisting'Of one atom, when we analyze the behavioar of 
g^nditfidnal radiating star’, which is biult op of countless atoms. 


'The minutest system is the atom. It has been computed that 
the tinies t speck of matter visible through a powerful microscope 
haa an actusd diameter of 1/lOOOOOth of an inch and that this speck 
is built up of more than 125 million atoms! And yet the atom is 
itsetf a miniature universe and is a structure made up smaller 
pgrtiffliw. It is composed of efecffo«is*~particle3 charged with nega- 
ti^ dedricity— and protons, the positive diatges. A little further 
' idea of this remarkable structure may be found interestii^. The 
diamitter and weight of an electron are inconoeivably small. Some- 
thisg like fi,350 MUon electrons are legnited U) cover a length oi 
ooa indh or about 25,000 particles to apptcaeh. the length of the 
'■ i * 



shoM X-t^ wi^,or again, 32 miUion to taadi the !«*& W 
shartaat wvii of_ tdha-vtolot light which tijemaelvM measoze 
•OOOOOS tndi 1 A stnng of 72 septiUion electrons covering a length 
of 16 trilHon noiles or two>thirds the way to the nearest star, wffl 
weigh only one grain troy ! The proton is bdieved to be much 
smaller than the electron, though it is 1,845 times heavier. The 
hj^rbgen at(ta is boilt up of a single electron and a nucleus whidi ■ 
consists of a Inngle proton, but in all the other elements the nutyjber 
of electroim c|esent ranges from 4 to 200 or more, and the nudd 
are compabt, massive structules in which protons as well as elec- 
trons are i»esent. The protons in these cases outnumber the ininw 
electrons, so that, in the result, the nucleus remains a positive 
charge. The outer electrons revolve at a distance around the 
nudeos in drcolar or elliptical orbits through the attraction exerted 
by the nudeos, as the planets do round the sun, and they fly at 
furious speeds. These are called orbital or fianetary electrons, 
and the inner ones packed with the protons are called nuclear 
electrons. The helium dtom consists of 4 electrons, 2 nuclear and 
2 orbital, and 4 protons. The mercury atom is built up of 80 orbital 
and 120 nudear electrons and 200 protons. But the element whose 
atom entitaina flie largest number of protons and orbital electrons 
is ti Tanimn, the heaviest of all the elements so far discovered. It 
has 92 orbital electrons. As it is the proton that really gpves the 
atom its wd^t, the atom of uranium necessarily contains a Iqiger 
number d protons than does the mercury atom — very., nearly 
238. The dectron takes op no more space in the atom than 
a planet in the solar system. The greater part of the atom is space’, 
remarks the great physidst Sir Oliver Lodge, and by way of illustra- 
tion be adds:- ‘If the void in the atoms composing our bodies waw 
done away with and die solid residue pressed together, our dimen- 
dons woold be microscopic ’ I Atoms vary in size and weight acdhr- 
ding to the element to which they belor«,butthediflisrencei 

in size are oonsi<terably less marked than tiie diflferences in wdght, 
• About 36 atoms of hydrogen weigh only one grain tt<w» 

while oidy 2*4 sextillion atoms of oxygen are wanted to make ujf 
this weight. 

After the atomic system follow the mdecnlar systemsj^crystdlpids 
and coUdds, nndw which categcwy fall Uving mganisms incte- 

41 ..: ^ ' 



^ homaa bodjr. A hrwf htot may <rf tlw> 

of « i^lecolA. About 100 million molocales in geoeral^^^^a^ 
tiw case water 55 million, are needed to cover the lengtit of one 
iiK^. A sii^le drop of water contains something like 2*625 septil< 
lion of them. As Jeans graphically pots it, if the molecules contain- 
ed in a pint of water were placed end to end, they would form a 
chdn that could endrcle the earth over 200 million thnes, and if they 
weire scattered over the whole land surface of the glob4 there would 
be nearly ICO million molecules to every square inch if land 1 

The atomic and molecular systems thus rank lo^gtfCst erf all in the 
»ze scale of bodies in the universe, if we except the electrons and 
I»otons into which the atoms are partially or entirely split at the 
centres of the sun and the stars and some of which escape into space. 

Next follow the crystals and colloids, and then farther up in the 
scale come the groups of meteorites, and satellitic systems such as the 
Earth’s Moon and Jupiter’s satellites. These in turn are followed 
by planetary structures, which are divide*^ into three classes : stars 
with cotonae and meteors, the solar system, and stars enveloped in 
nebulae. Next in order are the double and multiple stars, the 
galactic clusters and globular clusters of stars. Still higlmr in the 
scale are the galaxies, of which the ' local system’, whereof the sun 
is a member, the Milky Way and the Magellanic Clouds are 
examirfes. The spiral nebulae are also classed as galaxies. A system 
of gklaxies is termed a super-galaxy^ The whole group of super* 
gi|ktxie4 numbering millions, constitutes the metag/alaxy, whose 
dkoneter is estimated at billiong of light-years. 

'There is evidence’, continues Sbapldy, 'that a rough unifmmity 
iti the frequency of galaxies is maintained throughout all space with- 
in oar reach, but our telescopes have not yet struck jjottom. They 
Ao larf ii^Mnde that we are even approaching the borders (rf the 
system. The metagalaxy must remain for the laresent as the vague 
saper*qfstem— -all-comprehensive, but incomprehensible. ’ 

The metagalactic system, we are reminded, does not make up 
’th* entire tmiverse. Outside the system are the *nmdom stars ’ or 
'lost phumts *, wandering meteors or detached atoms and electrons 
and interstdlar gases. 'The greatest unsolved m^tearies of the 
pl^ictd wmld probaUy lie in ttiis mtm of unorganis^ oc dimly 
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otgKftt^ fi^xtic^ and cwpa3de8 that move spe^y, and owbaoe 

of ComortaM fwtlm wgmsubslraliim ’, wUchlstto gaan,. 
; of the ra^t of the «m and state. A» ftei 

MSSM of «,« tang fomof io thl, ™eae eegtoa, J«iaa and 
other dtshogiyshed scientists hold the view that the energy of the 
universe is r^ing down, the ultimate result of which is universal 
death. But ^pley thinks rather differently. ‘ Cannot the expended 
radiauon . he isks, re-form into corpuscles, atoms, molecules, Ind 
eventually nebalao,and stars.* repUcing fading stars with fresher 
universes ? * At the same time he cautiously adds that it is safer to 
ask such questions than attempt to answer them ! 


Dr. James Chadwick, for many years an assistant of the famous 
physicist, Lord Rutherford, at Manchester and now Assistant 
I^rector of Research in Radio-activity at the Cavendish 
Laboratory, Cambridge, has discovered a new smaller system than 
the atom. It is called the neutron. Its existence had been pre- 
dicted by Lord Rutherfoifl in 1920. A fair amount of literature 
about it has ^eady appeared in the Press. The neutron is descri- 
bed as consisting, like the hydrogen atom, of a proton and an elec- 
tron with this difference that in the latter there is a relatively big 
gap between the two particles so that they are loosely held together, 
while in the former they are closely bound together, and carry no 
electric dutrge, whence the name neutron. And yet in a sense 
ffie neutron may be regarded hydrogen in the embryonic stage, for; 
if it were possible to draw its particles wide apart from each ot^r, 
the result would be a hydrogen atom.* The neutron could well be 
the first stage in the combibation of the two ultimate particles in 
the building up of all matter in the universe. The sjtudy UP the 
neutron by itsalf is exceedingly difficult. It is possibl q^to keep 
hydrogen under pressure in a vessel, but it has so far been*Jot^ 
impossible to confine neutrons. They easily slip through glassy 
metal or rubber. Their extraordinarily penetrative power is due. 
*to the fact that they are of extremely small size and owing to the 
absence of an electric charge in them are not repelled by charged 
atoms which ffiey approach. Their velocity is computed at 
10,000 miles a second. Their range in air is more than a mile, m>d 
will pass through great thickness of load. The effective sh^ 
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(MM laawr ol matimr is to tiiMii ooQskbHXiUy souilkr tbsu 
tO ws dsotiM so tfast tisny losy be abb^ to li^os:^^:t^ 

way jdiipti^ the ioterstices of the atoms ct matter math nuMe 
SDoosssfony than i»rotons or electrons, qpnetrating power of 
nentrons is so high that one writer says that, if a cannon>ball 
oonid be made of them, it would pierce 75 million miles <rf armour I 
The neutron is expected to provide a new and poa^rfol weapon 
in attackuag the atmn. | 



* CHAPTER XVIII 

e ‘€iant Cranes* of the Univei^ 

nrili have guessed from the strange heading 
that these ‘cranes' are none but the few 
giant telescopes of the world. It is not out of place 
briefly to describe here the principle of this instrument so 
essential and invaluable in astronomical study and research, 
and the various stages of its development since its inven* 
tion over three centuries ago. 


The human eye admits just so much light as falls on a 
circle whose radius amounts to the tenth of an inch. Defec- 
tive hearing is overcome by the use of the ear-trumpet, 
which gathers in soupd waves and throws them on to the 
tympanum. Similarly, the power of vision can be increa- 
sed by gathering the rays of light falling on a wide area and 
refracting them so that they penetrate through the pupil 
of the eye and reach that fine network of optic nerves 
called the retina. It is on this principle that the telescope 
is built It is stated that the world’s first working telescope 
was constructed in 1608 by Lippershay, a Flemish spectecle- 
maker. In the following year Galileo built a small ifistra- 
ment with an aperture of 2i inches. It is to tliese humi»le 
beginnings that the wcprld owes its present knowledge of 
the wonders of modem astronomy. 


Galileo’s telescope meant a very considerable increase 
in man’s range of observation. The first big advfcoo 
made in 1789, when Sir William Herschel mnstruc^ a 
48-inch instrument. This telescope collected upwa^^ 
•400 times asWh light as Galileo’^ and mom than 
times as much as the naked eye. The stag s 

reached with the" construction of Loj<* bosses TO-m^ 
telescope in 1845. Years passed, ^ 

stallatipn of s telescope of the refiectmg type with a 
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72^!iich mirror in the DominJon of Canada Astnqphy^ 
cal Observato)^ at Victoria, British Columbia. It is opera- 
ted by electricity. Four years later came another great 
advance, for 1920 saw the erection of the giank Hooker in- 
strument with its 100-inch aperture at Mt Wil^n Observa- 
tory in California. It weighs 100 tons. Long .before this 
time the use of the human eye for observation ^rposes had 
been dispensed with. The retina can retain li£»it for only a 
fraction of a second, and it was replaced by tne photogra- 
phic plate, which can record the whole pmount of light 
received for several nights in succession. The Hooker 
instrument not only collects 250,000 times as much light as 
the human eye, but it throws it on to the highly sensitive 
photographic plate. 

In 1929 another large reflector telescope was erected in 
America, the biggest ever made in that country. The 
Perkins Observatory at Delaware, Ohio, where it is instal- 
led, has since July 1931 been thrown open to students at 
the local Wesleyan University, for it was intended by the 
founder of the observatory primarily for the benefit of these 
students. This telescope is the first instrument of its size 
to be dedicated mainly for the use of University students. 
It is said that its 69-inch mirror is free from the slight im- 
perfections that mar to some extent the 100-inch reflector 
at hit! Wilson and the 72-5-inch telescope at Victoria. It 
Is lharefore claimed to be ^s powerful and effective as these 
two giants. 

Canada will shortly have another large reflector teles- 
cop e. l^ js under construction in England and is expected 
risWtSKly before the end of 1^. In instruments of this 
type a concave mirror is used instead of a lens, and the 
mirror of this new telescope will have a clear ^aperture of 
74 inches, being fashioned from a disc of glass 76 inches in * 
' diameter and 12 inches thick. The telescppe will be housed 
in a huge observatory to be built near Richmond Hill. 
Toronto District, which on completion will be presented 
to the Univerrity of Toronto, 
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is the largest in the world' at 
pr^ait, TOt It will soon be eclipsed by a new one, also of the 
renectOT typ^ to be erected at Pasadena and is expected to 
Ko f^r^r^se in the near future. It is described as a 
jineering. This * super-telescope ’ marks as 
great an advance over the present largest instrument as 
the latter di Jover Her^hel's. It will gather in four times as 
much light ^ the 100-inch telescope and will reveal celestial 
objects that are twice as far away as similar objects now 
visible. • * 


The principal disadvantage of a telescope of the present 
type of reflector has been its sensitiveness to varying tempe- 
ratures. Even a slight change in the surrounding tempe- 
rature will expand or contract the glass, a process which 
gives a distorted picture of the heavenly body under 
observation. It is believed that this difficulty will be solved 
in the super-telescope by the use of a disc of fused quartz 
in place of glass for the great mirror, as the new substance 
can withstand fluctuations in temperature much better. It 
is estimated that this mirror alone will weigh 30 tons ! The 
fused quartz disc is expected to enable astronomers |o 
study the sun direct, which has never yet been possible 
with a reflector, and to wrest fresh secrets out of our great 
luminary. As the new telescope will have a light-gathering 
power four times that of the present 100-inch one or a 
million times greater than the naked eye, it is hoped tifat 
it may at last furnish definite evidence about the fascina- 
ting possibility of human life on any of the other planets. 

Consideriri^ the progress made in the constn tet iea 
large tdescopes within the last few decades, the time 
is bound to come when instruments bigger than even the 
forthcoming *200-inch giant become an accomplished fact 
t)r. G. W. Ritchey, the famous American designer and 
builder of large astronomical telescopes, considers that wl A 
the accumulated experioice and modem engineering s^l, it 
i ought not to be diflScult to build an 8-metre (315-inch) 
j super-telescope and that the next stage thereaf to: oi^ht to 



iie ^lbedl in a quajrter of acentiiry 
wifi pass into tike seomd rank with the coptructlbn of 
araHher super-tdescope, a 24>metre (945-in|h) jgiant !* 
We shall then have a titanic ' crane * able to swain its neck 
and penetrate nearly a billion and a half lighthears or over 
8 sextillion miles into the vast abysses of spaed! 

It was reported in Mechanics Magapne of June 

1931 that a new ^igh-speed lens weighing less than 2 lbs. 
had been manufactured by Mr. W- B. Rayton, head of the 
Bausch & Lomb Optical Co., and sent to the California 
Institute of Technology. It was originally meant for future 
use on the 200-inch telescope, but the astronomers at 
Mt Wilson gave it a trial on their 100-inch instrument. It 
is said that the lens at once transformed the latter into a 
200'inch instrument for all practical purposes and that 
research work which had to be postponed till the installa- 
tion of the monster telescope was forthwith taken up. It is 
claimed that, with the Rayton lens, the power of all large 
telescopes in existence can be doubled at a cost of only a 
few hundred dollars, as against millions required for the 
omstruction of larger telescopes. 


* Dented iofonnation on the eubject will be found in an exhaustive 
article by Ritdh^ baiL'IUiutntUm, the famoua French weekly, Ztod Februa^ 
1990, under dhe ei^km ' A la Kecherche (tea Moodea Incoaau»-*La Grande 
Aveature' t'UQitewof Unkiumn W<«ida<^Tbe Gnat Vesture’). 



CHAPTER XIX 

Outer Space 

In the l^t chapter have been ^^eh^ brief descriptions 
of the la^^t telescopes in the world. The nwnai'ftr eyes 
of the ‘ 9 ant crane ’ of 19^ will penetrate into the depths 
of space to a distance of about 300 million light-years, 
1,763,400,000,000,000,000,000 or in round figures 2 sextiUiota 
miles. While the 100-inch instrument shows about 2 mil- 
lion Nebula^ the new 200-inch telescope is expected to 
reveal about 14 million more, besides a vast universe of 
faint stars, half a billion or so, which lie outside the range 
of the most powerful instruments in existence. It will 
thus be aUe to take a census many times wider of the 
countless hosts that populate the farther regions of heaven. 

What may be the physical state of space at these fabu- 
lous distances from the earth ? Some idea of its extent of 
emptiness will be gained from the fact that, according to 
the tabulation of densities in various parts of the Universe 
made by the Eastman Kodak Research Laborato^, the 
atoms even in interstellar space are more than a quintillion 
times scarcer than in ordinary air. And what may be the 
temperatures there ? Even as^ regards conditions at dis- 
tances vastly smaller in comparison, Jeans says : — 

* A thermometer placed out in interstellar space, far from any 
star, would probably show a temperature of only abo^ abo ve 
AbiMlnte zero, while still lower temperatures must De*vea8h®^ 
out beyond the limits of the galactic system.* 

Now 4® above Absolute zero means -269® C.(- 452-2® F. ), 

* 3 point at which no gas known to science can remain in 
its natural state which is only the tenth of a degree 
below the point where helium, the most refractmry of 
gases, tui^ liquid. At such a temperature n^rct^ 
would freeze so hard that a hammer-head could be made 
44 * 



(oi it 0 idrbe a na3 ! liquid hdiiun is so ccdd that it tmils 
eveh than does liquid air or liquid hydrogen 

whan dropped on a cake of ice. If yet lower temperatures 
obtain beyond the limits of the Milky Way! the lowest 
tonperature in Onto: Space, if not Absolute zero, may 
be at most a degree above it, so that, if jthe earth's 
atmo^ho’e could be transport^ to the coldtet parts of 
this remote r^on, it would freeze straight fway, not a 
single gas e^ping this fate ! 

Can so chilling a temperature Ise produced in the labo- 
ratory ? The answer was supplied in 1926 when the Dutch 
scientist. Dr. W. H. Keesom, Director of the Cyrogenic 
Laboratory at Leyden, solidified helium at -271-9® C. 
(-457-4®F.), thus almost reaching the rock bottom of the 
temperature scale and achieving one of the most brilliant 
feats of science. 



CHAPTER XX 

Tlui *¥ault’ of Space or ‘Roof’ of the Universe 

In the <^rse of an article on ‘Time, Space and Relativity’ 
in Science M Invention of April 1929, Dr. Menzel says that, 
if we describe from a poii^t on the earth a series of 
the radius of thfe first being 1 centimetre (0-3937 inch), apd 
the radii of the subsequent circles are doubled each time, 
the 30th circle will be as large as the earth.* ‘The questicm 
that enters the mind is,' he proceeds, ‘ can we keep increa- 
sing the size of such circles indefinitely? According to 
Euclid, with infinite space, the answer is yes. Einstein, 
however, says no; the 96th circle would be the last one 
that can be drawn in our universe. Finally, we come to 
the point where no pbssible measurement can distinguish 
between the arc of one of these huge circles and our ideal 
straight line.’ The writer adds that, if we could get into 
a Jules Verne projectile and travel with the speed of light 
in the ‘ straightest line ’ that could possibly be negotiated, 
we should really be moving along this 96th circle ; in other 
words, we should be sweeping out a great circle through 
the universe, ultimately to return to our starting point. 
This is how he opens his explanation of Einstein’s postulate 
that space is * finite, yet unbounded* and is spheriad^ 
finite because, like the surface of the earth, space bends back 
on itself doses up. 


Sir Jame^ Jeans remarks that the astronomer 'of to^ay- 
regards the universe as a finite, closed space, as finite as 
the surface of the earth, although, of course, it is a space 
^ which is three-dimensional, having ‘breadth, width and 
* height ’, i.e., ‘ a north-south, east-west and height.’ 


* The radius of the 30th circle would amount to 


0«S?37 


—— X 2*® 

I a X a 3 8 0 ^ 

miles = 336 , which is a little less than the actual radius of ths ^rtb, 



ott ‘Hie End of 

t&o Worlds at the Annual Meeting of the l^theniatical 
Ahsodation held early in 1931 at Southampton Row, 
loi^n, Sir Arthur Eddington observed that, i| we proceed- 
ed in any direction in space, we would not con* to an end 
of space, nor would we continue on to infinitw but, after 
travelling a (^ain distance, we would find outlives back 
at our starting point. ‘ We have recently learnt ', he said, 
'mainly through the work of Professor Lemaitre that this 
spherical space is increasing rather rapidly« In fact, if we 
wish to travel round the world and get back to our starting 
point, we shall have to move faster than light, because 
while we are loitering on the way, the track ahead of us is 
lengthening. It is trying to run a race in which the finish- 
ing tape is moving ahead 

. . . . From the astronomical data it appears that 

the original radius of space was 1,200 million light-years. 
At that radius, the mutual attraction of matter in the world 
was just sufficient to hold it together and check the tenden- 
cy to expand, but this equilibrium was unstable. An ex- 
pansion began, slow at first, but the more widely the matter 
was scattered, the less able was the mutual gravitation to 
check the expansion. We do not know the radius of space 
to-day, but I should estimate that it is noi less than 10 times 
tite original radius.’ Obviously the term ‘world’ as 
usi^ here means the whole universe. 

Eddington, it is -of course understood, gives even this 
minimum value as the radius of space as the result of cal- 
ctdations based on such data as are available. The famous 
-^'■'Bdlgian mathematician, Abb6 G. Lemaitre, su^ests, on the 
basis of ‘such rough available data as seem at present 
plausible ’ regarding the average density of matter in the 
universe and also the rate at which space is expanding,, 
.that the present radius of space is about 18 billion light- 
years. 

In his fammis book, The Utdverse Around Us, Sir James 
Jeans, in the course of his remarks on this subject, says 



jPtem tto kno^ of ( ettra^iBkctfcii ) , 
Hot^ esthnatM that the mean denatjr dE matter la sjpaoe mn et 
be abont^ 1 ^ x ip^> times that of water. On the aesnmptkm that 
matter isi^stribnted with this density tiirongh the 
of spacet mclnding those parts which onr telescopes have not yet 
calculate quite definitely that the radios > 
of space ^ 84,000 million light years, or 600 times the distaooe 
of the farthest visible nebulae. The journey round space 
wcmld take 500,000 million light years.’ 

Modern astronomers Consider that the centre of the 
universe lies very far away from the earth, and at a dis* ^ 
tance which may be calculated in scores of thousands, 
perhaps hundreds of thousands, of light-years. But this 
distance, however vast it may appear by itself, is, compared 
with the probable radius of space, so infinitesimal that, 
where vast mathematical calculations are concerned, it may 
be ignored and the earth treated as the actual central hub 
of the whole universe.* 

At a lecture on the ‘ Inter-action of Life and Matter *, 
Sir Oliver Lodge, after discussing the three stages of 
matter— solid, liquid and gas, spoke of the even greater 
importance of space. Ether or space, he said, was bdieved 
by some to be substantial, but he expected that it would be 
found eventually that matter was composed of it. ‘The 
universe is no longer regarded ’, he explained, ‘ as particles 
of matter interrupted by space, Jsut as space interrupted by 
particles of matter.’ Jeans remarks,, as already stated# 
that the astronomer of to-day r^ards the universe as a 
finite closed space. From these remarks it is clear that 
leading scientists consider that space and the universe are*, 
co-extensive and coterminous. 

Now three different estimates are put forward, two of 
* them tentatively and one as the minimum, by three autho- 
rities of world-wide distinction, as the radius of space to- , 
day. While it is difficult to accept any one of the^ three 
valu^ in preference to either of the other two, Eddington’s 
minimum ^thnate may be accepted for the time bdng, 
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its lt ib the lat^ be put forward 1:^ a trorid^ 
ba this find that the Radius ci ^^pace, <nr the 

Height above Earth of the * Vault ' of Space W ' Roof * of 
the Universe, is at the present day at least 12i billion light- 
y^us or alxmt 70 sextillion miles. I 

* Certainly, if this is “finitude”,' remarks a writer com- 
muting upon one estimate of the radius of space, 'it is a 
kind of finitude which bludgeons the mind into ^upefaction.* 
It will thus be noticed that the whole solar system, 
which includes the earth, is only^ tiny island group in this 
vast ocean of space. 

Now this estimated rough height above earth of the 
‘ Roof ’ of the Universe would be a fixed quantity, only if 
space Temained constant. But we are told that space 
Appears to be expanding. According to Lemaitre, it 
appears to be expanding at the rate of about 1 per cent in 
every 20 million years, so that it doubles its diameter every 
1,400 million years. Jeans too accepts the theory of space- 
expansion. Eddington tells us that not only does space go 
on expanding in geometrical progression, but it is expand- 
ing rather faster than light can travel. * Can this expan- 
sion go on indefinitely, ’ asks Lemaitre, ' or like a soap- 
bubble, must space eventually burst ? ’ 

About the ultimate fate of the universe Jeans has a 
remarkable theory 

%■ * Sooner or later the time must come when the last erg of 
energy of the universe has reached the lowest rung on the ladder 
0t descending availability, and at this moment the active life of 
the universe most cease. The energy is still th^e, but it has 
lost all' capacity for change; it is as little able to work the 
oniverse as the water in a flat pond is able to tom a water-wheel. 
We are left with a dead, although possibly a warm, oniverse— a 
"h^at-deatb Such is the teaching of modern thermodynamics. • 


' Hie final state of the universe will be attained when every 
atom whidi is capable of annihilation has been aniuhilated, and 
its energy traosfixmed into hea,t-energy wandering for ever roan4 



(ipace» tttid when all the wei^ (tf ai^ lAid whateveir^ wMdt 
is capehie .(rf being transformed into radiation '^has been so': 
transfonn«|i/ 

At Ms lecture at Cambridge delivered since the 
publication f| Ms book, Jeans drew attention to the general 
physiod principle known as the Second Law of Thermody- 
namics, wMch predicted that there would be but one end 
to theunivefse— a 'heat-death', in which the total ener®r 
of the universe was uniformly distributed and all the sul^ 
stance of the universe was at the same temperature. This 
temperature would be so low as to make life impossible and 
the consequence would be universal death. 


But wMle so much is being said about the end of the 
universe, the question may be asked what its present 
may be. Even this subject has not escaped the attention 
of modern cosmologisjs. Calculating from the present 
weights of the sun and stars and the rates at which they 
have been losing mass, i. e., annihilating their atoms, and 
travelling backward to very remote times long before the 
birth of our planet, an estimate of from 5 to 10 trillion 
years has been formed as the probable age of the stars in 
general. But before the birth of the stars their atoms might 
have previously eidsted in the Nebulae for a like or possi- 
bly loiter period. From the fairly accurate weights avail- 
able of two extra-galactic Nebula^one of which is the And^ 
meda Nebula, it is calculated by Jeans that the atoms m 
this latter body must have an average MJe-period ofSO^- 
lion years and those in the other Nebula, N. G. C. 4pH4, , 
which has theVeight of 2 billion suns Md the lum^ 
sity of 260 million suns, a life-penod of llStnllionye^ 
From these two cases he thinks that the average ® _ 

^toms in such Nebulae, that is, their penod o mi 
since birth up to the time of anmMlation, must ^ 
where around 100 trillion years. 

that tMs calculation cannot claimed to ^ 

convincing or very accurate, but adds that » Kfe 

only evidence available at present as to the p 



-r/llWSlna^^ ilKiviaet'. 

qI titular state. The rest of the ai^eiQ^ 

his his own words:-- 

* Apart from detailed figures, howevn:, it is clear that we can- 
not go backward in time for evo^ £adi step Jtack in time 
involves an increase in the total weight of the matter of 
the onivers^ and jost as with individual stars, we cannot go so 
fiur back that Oils total weight becomes infinite. Indeed a limit 
masr quite possibly be set by<* considerations which we have 
already mentioned. The complfte^nnihilation of all the matter 
imw in the universe wouldtcsuise the temperate of the earth’s 
surface by tlm sixth part >of h deg;i^ j; the annihilation of 
S milSon times as much matter woul^|||hKit by 160**. We can- 
not |dmit that as much radiation as ttiM^n be wandering about 
. space. Tlie earth’s temperature is determined by the amount cf 
V radiation it receives from the sun ; it adjusts its temperature so 
that it radiates away just as much energy as it receives. A small 
correction is required on account of the earth’s own radio-activity, 
but this need not bother os. What would bother us, and would 
indeed u[»et the balance entirely, would be the radiation of a 
millioo dead universes if this were for ever streaming on to us 
out of space ; in this event the earth’s surface would have to rise 
' to a temperature well above that of boiling water before it could 
restore the balance between the radiation it received and 
that mnitted. In a word, the radiation of a million dead universes 
would boil our seas, rivers and ourselves. Ail this makes 
^ clear that the present patter of the universe cannot have 
existed for ever ; indeed we can proljably assign an tu>per limit 
to its age of, say, some such round number as 200 million million 
years. ’ 

Affiinst this estimate of 200 trillion years as the uppef 
Uaut <rf the age of the universe. Dr. Ernst J. Opik erf Tartu 
Uiuversity Observatory, Estonia, at a recent lecture in astro- 
phy«cs at Harvard, U.SJ1 l, announced his e8tini|ite to be 
not much more than 3 billion years. TWs value ri^resents 
the maximum age of the earth itself as ^rfimated by 
Jdfreys, who Exes its minimum age at 1,300 million 
But accordii^ to many scientists whose estimate is deri- 
ved from the radio-active content of the ddes| rock^ fke 



earth's age is of the order of 1,600 mfflioh years, and tWs 
estimate has recently been confirmed by a Committee of 
the National Research Council of America. This new 
estimate leaves a balanc^f only about 1,400 million yemS 
for the birth and evolutira of the sun and the stellar and 
nebular systems of the umverse— *rather too small a period 
if these systems have evolved as slowly as we are led to 
believe , by ^smologists. Qpik bases his conclusions on 
analyses of the helium and^ radium content of meteorites 
made by Professor Fritz vPdbli^of the University of Ko* 
nigsberg in wtSb,5h^pmad values ranging’ hrom 

100 million to nead^k billion tyears. Opik finds evid^ce 
in support of PaaS|p cohclusidns in the double stars. 
From a study of tn^ distances and magnitudes j!^!k is 
" Qpnvinced that these bodies have not shrunk much in the 
lapse of time, which shows that, relatively speaking, the 
universe must still be in its infancy. 



CHAPTER pi , 

Space and the Universe: Sir Arthur Eddington’s Views 

As a matter of interest, may be quoted here^someof the 
views expressed by Eddin^on on the subject of Space and 
the Universe. A little rqi^tion will be necessary for a 
proper understanding of hisVi^s. 

, Sddi^oQ says that, from the ipfbnomical data, it 
ngppi^ thatHhe original radius of spSle was 1,200 mflUon 
light*yedrs. fie proceeds :>• 

■ f ' t 

^ * At that radios the motoa! attraction of matter u the world 

was jost sufficient to hold it together and check the tendency to 
expand, hot this eqoilibriom was onstable. An expansbn began, 
slow at first, bnt the more widely the matter was scattered, the 
lete afie was the motoal gravitation to check the expansion. 


' We have found it possible to discover a kind <rf sign-post for 
lime in the physical world, it is i»ovided by a certain measu- 
taUe qoantity calted entropy, which we may conveniently des- 
cribe as the measore of disorganization of a system. Accordingly, 
daix sign-post fot Time resolves itself into the law that disorgani- 
zation increases from past to fiftore. The test works 
consistently. It is possible for the disorganization d a system 
to become complete. The state then reached is galled thermo- 
djmamic eqailiMom. 

* But to retoro to oor sign-post. Ahead there is ever increa- 
sing disosgimization. We notice one strange fait tiu^|^aIthoagh ^ 
the som-total of mganization is diminiriiing, certain of the 
universe are exhibiting a new and more h^hly Jppscialized 
organizatum. That is a iffienomenon d evdution. But 
ultimately tids must be swallowed up in Um advaririhg tide d 
<;^os and dnosi and the whole nnivevse will teach is stste of 
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comptot# dtoigMiizattoM nni^ 

dynamic wioilibrituii. This is the End of the World. 

‘Time will extend on and on, presomably to infinity. But 
there be no definable sense in wbidi it can be said to go on. 
Conecioasness will obvioosly have disappeared from the pl^ncal 
world before thermodynamic equilibrium is reached. 

*It is more interesting to look in the opposite direction-^ 
towards fba past. Following Time backwards, we find more 
and mme organization in t}ie world. Surveying our surroundings^ 
we find fimm ft be far horn a “ fortuitous concourse of atoms ”. 
The picture of the world, as drawn in existing phUrsical theories, 
shows arrangement of the individual elements for which |bip pddw 
are mnltillions to one against an origin by chance.' ,Seme.MO{de 
would like to call this non-random feature of the jgo|dd,Pnn>dse 
jpt Design. I hardly go so far as that : I will call it nodteommit- 
tally anti-diance. ' 

In conclusion, add:} the famous astronomer 

' It used to be thought that at the end of the world all tibe 
TT ^attwr of the universe would collect into one dense ball at 
uniform temperature ; but the doctrine of spherical space, and 
more es pecially the recent results as to the expansion of .the 
nniverse, have changed that. There are one or two unsettted 
poi nts which {urevent a definite condusion, so 1 will content my- 
sdf with stating one of several possibilities- 

* It is widely thought that matter slowly changes into radtetion. 
If 90 , it would seem thpt the universe will ultimately bec^e a 
ball erf radiation growing ever larger, the radiation becoming 
♦hintww and passing into larger and longer wave-lengths. 

* About* every 1,500 million years it will doable its radius, 
and its size will go on expanding in this way in geometrical 
inogression |pr ever. ’ 

FroA the lines quoted at the head of Chapter XVI it 
might bftinferred that the scientists of Byron's or ^lier 
ti mes a^ cipa ted present-day men of science in d^ari^ 
that the ui^erse goes on ex^^ for ever I But the 
great poet u ses the term ixpottswt in the sense of expose 



-SSS:.' 

w /Ibi^ so that a ^iniverse of endless ezpinu^* 
dbmiid be understood to mean a univmee adt^ut 
fioitude or limits. 

In another address deliver^ in November 1931 to the 
Physical Society at the Imperial College of Science and 
Teclmology in London, Eddington gave a further notion 
of the latest ideas of an expanding universe. He said that 
the most striking thing was that more than SO^alaxies had 
been observed to be receding from us, moving outwards, 
and not one had been found coming in to fill the voids. 
*It is an obvious inference’, he proceeds, 'that in the 
of time the r^on will be evacuated. The nebulae 
iKw ^ out of reach of our telescopes unless we 
indbase our telescopic power to keep pace. I find 
that dB b^rver of nebulae will have to double the/ 
aperture of his telescope every 1,300 million years merely 
to keep up with their recession. Sir James Jeans delights 
in tdling us that we have billions bf years before us in 
which to find out all that can be found out about the 
universe. I suggest, however, that there is urgency as 
r^rds the spiral nebulae. If we leave it too late, there 
will be none left to examine.’ He thinks there is little 
doubt that these recessions are due to the cosmical ex- 
pansion. * The circumference of the world is expanding,* 
he go^ on to explain, * and light is like a runnar on an 
expanding track with the winning-post receding faster than 
he <^n run. In the early Says light and other radiation 
went round and round the world 'until it was absorbed. 
This merry-go-round lasted during the very early stages 
of expansion. But when the world had expanded to 1.003 
tiines Its original radius, the bell rang for the last lap- 
Light waves then running will make just ot^ more circuit 
liiose which started later will never get iround^ Some- ^ 
what lator the last half-lap was announced. From that * 
moment onwards it has become impossible fo||light to 
travel hatf-way round. So that corre^nding to 'any stw, 
there is a region of the universe which ife# present radia- 
tion will never reach. And if light cannot r^ch, no other 






oia, fpr no sigind can travd faster tttan - 


To make his description still more clear, Eddington 
compares t)ie universe to an expanding toy balloon, in 
which he pictures the galaxies of stars as embedded in its 
f ymf»r surface, and as the balloon expands, the stars recede 
from one another and from the terrestrial globe. 


Many oftier astronomers have apparently accepted 
the conclusion Uiat the spiral nebulae in the depths of space 
are receding from us. Their velocities of Recession are 
estimated at from a little less than 1,000 miles to 15,000 
miles per second. These velocities for bodies in tmii> 
verse are certainly very great, for the speed of the earth, 
^for instance, in its revolution round the sun, ilrohl| about 
^SfeNniles a second. ' 



CHAPTER XXU 

i 

The Weight of the Univer^ 

As stated in Chapter XX, we have accepted for the 
present Eddington’s minimum estimate as to die radius of 
^ace, t. e., 12 billion light-years er 70 sext^llkm miles. 

As we ve regarding space and the universe as co-exten- 
sive and coterminous, we find that the volume of the uni- 
verse anjotmts to , 

$ X ^ X (70 sextiliion)^« 4312 x 10*» cubic miles! 

We^ havf given in their proper places the prob abl e^ 
weights of the Earth, its Crust, its Central Core, its Wi&r 
and its own and the outer Atmosphere, the weights of the 
Moon, the Sun, the Planets, Astel^^ids and Comets, and 
those of a few Stars and Nebulae. It now remains to ascer- 
tain whether it is at all possible to arrive, however roughly, 
"at the probable weight of the whole Universe. Looking to 
the fact that the earth, the atmosphere and all the heavenly 
bodies and objects occupy an almost negligible total area 
in the vast ocean of space, the rest of this entity must be 
composed of matter of extreme tenuity. The average 
dei^ty of the material of the universe must consequently 
be wultillions’ of times fower thjinthe density of air at 
Sira level. 

In Chapter XX have been quoted Jeans’s following 
remarks:— 

* From the known weights of these (extra-ipdactic nebulae), 
HaN>la estimated that the mean density of malter in space most 
be abont 1*5 x tim^ that of water. On^e assomption that' 
niatter is disif ibated with this density through the whole of space, 
i pfflndjn g those parts which our telesimpes have not yet penetra- 
ted, we can calculate quite definit^y that the radius of space 
is 84JOOO million light yean# 
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The Right Rev. Dr, E. W. Barnes, Bishi^ of Biitnii^hatn, 
a mathematidan-astroiioiner of a high order,* in the course 
of a lectwe early in 1931 to the Science Masters’ Associa- 
tion at Birmii^ham Univ^ty, remarked as follows:— ‘K we 
could determine the density of matter in the universe, 
also the rate at which it is expanding, we could discover its 
size. With such rough available data as seem at present 
plausible, L^aitre has suggested that the radius of the 
universe is about 18 billion light years.’ This remark shows 
that the densityfcof the material of the universe is still a 
subject of intelligent mathematical speculation^ 

As already stated, we have adopted Eddington’s mini- 
mum estimate for the radius of space, wjiich is one-seventh 
of that worked out by Jeans. But it is not possible to know 
’^whether the former agrees with Hubble’s est|piate of the 
cC^ity of matter in space. Until, therefore, a fresh value 
is announced acceptable more widely to leading scientists, 
we may consider that Hubble’s estimate holds the field and 
accept it, especially as so great an authority as Jeans tenta- 
tively adopts it The density of the universe in terms of 
that of the earth ( which is 5-5 times that of water) will thus 
be 1>5 X 10-®> X U . Now, adopting this density and the 
volume of the universe as arrived at already, and knowing 
the volume and weight of the earth (260 billion cubic miles 
and 6*5M sextillion tons respectively), we find that the 
W«ght of the Universe amount^ to 

^ ^ X 1-5 X l(H»xU X 6-593 x 10»i = in round 

figures, 3.om.0()o.ooo,ooo.o<x>,ooo, 000.000,000, o(X).ooo, 000.000.000,000, 000 

or 3 quMbilkon dedllian tons! 

It must not be forgotten however that there is yet no 
general agreement among scientists as re gards the radius 

* • Dr. is s unique esamirfe of a divine who is as much at home 

with the Qiecttoaoope and telescope as with his pastmal staff. May many 
“wre personages like him come into control of our churches, syn^ogues, 
“oaquea, pagodas, temples and MaOis the world over, for then the frequent 
tendency Bo waday to bring science religion into conflict may soon 
^’Momsatbingofthspast. ^ 



oir file i«piil|pi8 the data fctf McutaticH^^^^ 

attQMtfaelitfant at^'^^ the ufilv^tae as 

w^ed ottt here be understoo#!) be an extremely 
roitih estimate which witt be subject ^ revision from time 
to time in the light of farther resean^ 

With the last stages in the% *|^etic ’ measurments 
6i the Universe, the great pUgriiiage ends. A knowing, 
jolly critic nmy remark 

' Yoa lemind me of the person o( whom De puinoey said : ”He 
had a smattering of mechanics, of idiysiology, geology, 
mizMcalogy, and all other ologies whatever.” But you have 
left out many essentials in your wild attempt to deal with 
topics vftTiging from the ancient literature of the Aztecs to the 
geometrical properties of a rhomincosidodecabedron. Uave 
you told Os, for example, what may be the physical condi^siSr 
at your so-called vault of space ? Is it lighted by any gigantic 
l%hthooses like those you have describe ? Or do these luminous 
worlds end too far below, so that this higher region is shrouded in 
perpetual Cimmerian darkness for trillions and trillions of miles? 
Would die temperatuare there be absolute zero? Would the 
maxim that Nature abhors a vacuum be falsified and a perfect 
vacuum rogn there ? Would man, could he go so far up, keep 
fl]riog about there somewhat like Japhet in search of a father, 
for eternity, free from the gravitational attraction of any 
heavenly body ? 

\ ‘ Yon eiddently accept 'ilrith enthusiasm the mathematician’s 
theory that Space bends back oa itself and closes up as the, 
earth’s surface does, and is therefore though unbounded. 

As for me, I frankly disagree. On my side s no less an autho- 
rity Pascal, who says that the universe is an infinite 
spiere, the centre of which is everywhere and the circomfereiu» 
nowdiere. You may remember Emerson’s remark that, if the 
East loves infinity, the West del^hts in boundaries. Einstein * 
loves fimtudft anl del^bts in boundlesaiessl Emerstm himself, 
had he been alive, would have been at his wits’ end where to 
him—*!^ Or West. Anodier great matbeimitician to-mo^v 

may descend foom his dizzy ^dlUtndes Of |hooi^ with the tb^« 



of scienc||BW abte to 
tli^ r»if« atoo bends back on np aad is cpns^ 

qnently finite^ yet||lliiiiited, and is W^al-i that it lOiates 
atxmt an axis ; ismore^ ^thebas put it on the s(stl(» 

and the reading is a^^Ht grain troy ! I would however 
in a fairly large meOaufe but only in a metaphorical sensei such 
a Aeory for Time, for term “OW Father Time" is drilled 


into lay brain, and it is ] 


probable that 

*^Bowed by the weight of centuries he leans 
Up(m Us hoe and gazes on the ground. 
The el^ptiness of ages in his face, 

And on his back the burden of the world. 


To pat it briefly in the mathematician’s arid prose more bald 
than tibe head of Father Time, die Old Father bends ybfo^rd on 
fahnsetf under the weight of years and the load of the universe 
jthoogh you will agree that he is not sufficiently^ bent to look 
anything like spherical. I would even concede that Father 
Time is supple-bodie^ and also fat and bends back on him- 
self instead of forward, until in the far, far future he closes up 
and becomes perfectly rotund, showing his face and forelock 
between his feet ! The loftier the heights scientists reach, the 
greater becomes the frequency and the stranger the nature d 
theories* A fantastic theory was announced a few years ago 
about radiant energy — light and heat, and in that connection we 
are told by Jeans that the radiation emitted by a 50 horse-povw 
searchlight working without break for a century will weigh about 
the twentieth of an ounce ! So I^hall not be surprised ^ men 
who have weighed pretons and electrons and would have us 
believe that even light and heat are not quite impondeiablei 
men who have weighed wireless waves and X-rays, turn their 
attention to Time next and announce, among other theonesi that 
Time too has weight and weighs in troy grains, say, the sqparo 
root of minus onel 


'You fpffrr* to t hink that Jeans is England’s Newton of to^. 
Thew probably yoa ate right, for his is a mind which has of late 

beei4 as Wordsworthsaid rfNewton’s, "voyagingthroue^ Strangs# 

seas of dtoo^t^ alone." The great physici8t-mathemabciaii.Mb% 
norner (Myhte in *»Hing us— and you may be believing it— that ^ 




I' Wcxmfi^ 

^'.\v!''i;,'iSBirt'''ddiv«r‘i^^ hairf 'ttSd-fpot' ioto: of 

pbysidst ot tia tt^naomer, the bidogist 
^ W yoM seomtohavedi^ oo inore as an ardent 

:iaiiio*hm in fhis vast moseam d tibp Universe. 

'Left me now conclude my gnestions. Metaidiors aparti if space 
and tlie nmverse axe finite and coSerminoiis, what lies beyond ? 
What may space itself be floating in? Can there ^ any medinm 
wherein it lives and moves and 1^ its being ? And if sOt what 
can it be that supports mis snper-titenic load of the 
universe?* 

W»e the addressee to attempt to deal withi^^tiaestions 
of *‘bi« character, he is afraid he would, to adapt a remark 
whidt a certain writer makes on the pursuit of metaphy- 
sics, be in the position of a blind man hunting in a dad^ 
room for a black cat which is not there ! 



CHAPTER XXni 


A$tronotny in Asia up to the 18th Century 

TM'e is abundwt evidence to show that the Hindus 
had attaine^proficiency in astronomy as far back as 3100 
! B- C. It was Mons> Bailly^ the famous French astronomer* 
L ivlK) first drew the attention of Europe not only to this 
[ hoary smtiquity of Hindu astronomy, but also to the 
marvellmil achievements of the ancient Hindus in this 
branch offence. In his remarkable work, Mstoire de 
rAstrommie Ancienne, published over 150 years ago* he 

"NSiX®*- 

‘ The Indians state that the world lasts for a period of fohr 
ages (yugas). The fi^t age lasted 1,728,000 years, the second 
1,296,000, the third 864,000, and the foarth or last, which is at 
die same time bound up with their astronomical epoch, has mn 
4,863 years in 1762 A. D/ — the date, probably, of the first edi- 
tion of the book. ‘ The small number of years ascribed to ^ 
fourth age, in comparison with the vast period of duration of the 
first three, shows that the latter are fabulous or rather made up 
of years calculated on a basis very different from ours. But at 
^ same tune it is clear that the period of this last age is presen- 
ted in sdar years and based on a, true historical epoch, ^ich 
rwmwwncad in 3101 (B.<C.}. As, therefore, it is from this date, 
that they (Tndians) begm to calculate the movements of tiie sun, 
m^ n and the stars, in longitude, it follows that ^t is also 
die date cf their astronomy.' ’ 

Bub as h uman knowledge advances only step by- stepj, 
the^beginnings of this scientific culture among the Hindus 
, muk be traced still farther back, to several centuries an- 
teili^ to tiiis date. 


%hc astronomical learning of the ancient Hindus has 
been su^owledsed and admired by such eminent West^ 
lie <5oant B^ Elphinstone, Weber, 



ind Rtititer. It is tndsei a wonder how in those hyg^ 
0ie wm shls to pursue astitmcanksd 

whiicmt the aid of so valuaUe an instninient le the mode^ 

■■ ■ ■ ■. 

team from Bailly that the Indian Tabtes of Solar 
Eppses were smt by a French mis^onary of the Carnatic 
(Sbutham India ) to F^-ance, where the astronomical obser- 
vattens recorded in them were carefully ei^ined and 
found correct by French astronomers of the tW, It was 
the FBndus too who for the first (Sme applied to astronomy 
the principles of geometry and algebra, which two branches 
<if mathematics were, in the opinion of so renowned a 
scholar as Sir Monier Williams, invented by the Hindus 
foemsdves. This can well be believed, as mathematics is 
the bed-rock of astronomy and Hindu astronomy has be^ 
admitted to be the oldest in the world. 

To explain in detail or at any length the achievements of 
the Hindus in this science would take a whole volume. 
The earth’s self-support in space, its rotundity, the length 
of its diameter, the equator, the earth’s rotation on an axis, 
its gravitational force, the moon’s rotation on an axis, its 
dtetance from the earth, the precession of the equinoxes, the 
lengths of the orbits of the planets, their mean motions, 
the calculations of eclipses, the sun’s illumination of the 
planets, its gravitational force, the zodiac, constellations, 
starsof differmt magnitudes, the division of the ediptic 
mto\tinar mansions, the split second in time measure, all 
foete are included or dealt witih in their astern. 

In the Concluding Remarks under the Stratosphere 
have been mentioned the names of some of the illustrious 
astronomers who flourished up to the 12th coitury 
A.D. The last of this galaxy was Bhaskaracharya. Lrnig 
after hiin came the famous Rajput Prince, Jai Singh II of * 
Jaipur, an ardent and persevering astronmner, who lived 
only about two centuries ago. He caused several works on 
nteriienatics to be translated into Sanskrit^ ai^ built af^ 
pmnical steinvatmles at Jaipur, Muttra, Ddhi, Beofurpi^<^ 



were 

“ ****** 

^whieb are <rf a boge 
iporvidon of tbe Govesninebt of Iq^ $1^ 
the^^t decade of tbe present century, probably durSthe 
re^meof Cuwon. The Jantar Mantar Of Ddh!;^ an 
object of p^icular interest and curiosity to foreign tourists^ 
must be ^miliar to those who have visited that city. It 
is typical of the fw observatories in India erected prior to 
• tbc advent of Bptish rule* it was constructed in 1724 but 
was never completed owing to the death of its designer and 
the disturbed state of the Moghul Empire at the time, ?^en 
the portion that was finished was in later years Seriously 
injut^ by others, but Western scholars expr^ 

^ the opinion that the r^nants of the observatory w^(^ 
iUlI stand reveal considerable astronomiod s^ on thi 
part of its distinguished projector. Raja Jai Singh becaitoS 
so proficient an astroqonier that he succeeded in correcting 
the Tables of the French astronomei^De La Hire published 
in 1702. His researches culminated in the cataloguing of 
the various stars which he studied. 

In Arabia the study of astronomyis similarly of a v^ 
ancient date. It is stated that the Almagest, a colle^oh 
of astronomical observations and theories of the anciento 
drawn up by Ptolemy of Alexandria, which was r^jardedi 
by the Arabs as the greatest and most complete wotic on 
this subject, was translated into Arabic by order ^ tte 
(J>diph Haroun-al-Rashfd of Baghdad about 800 ^D. 29 
years latw, the Caliph Al-Mamun built a splendid obser- 
vatory at Baghdad, which enabled Arab scholars to pursue 
their studies in astronomy. Distinguished Western scholars 
like Professor Weber and Sir William Hunter state that the 
Arabs became the disciples of the Hindus in the 8th century 
A.D. in the cultivation of this science. We are told that 
the Arabs borrowed from to® latter the lunar manstoM 
inthdrnew order and translated in p^, into thOT di^ 
language^ Sanskrit treatises like the Siddhantas imth the 
— “'"•-^-- astronomers invited by the Calebs w 
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to their ccN&tt. In the 13th e«[ittity Ulugh Khan 
(died 1265 A.D.) founded au observatory at hfonga in 
ino||^eQufo it with a mural quadrant 24 feet in diameter, 
l^f with altitude and azimuth instruments. About 14^, 
Ulugh a grandson of Tamerlane and the most famous 
of Tartar astronomers, established a grand observatory at 
&markand, in which he studied afresh all the stars dealt 

in Ptolemy’s book. He subsequently published a book 
of Astronomical TaUes which held the fidd for two 
centuries. • 

f» 

It is wdl known that in olden times, besides commercial 
relations, there was close cultural contact between the 
Ifindus and the Arabs. The fact that the Arabs became 
highly proficient in such difficult branches of science as 
mathematics and astronomy is a tribute to their great in; 
tellectual advancement in those days. Indeed, through the 
proficiency they attained in these fields of knowledge, they 
built up a fine systein of nautical science. 

As is well known, the term Algebra is Arabic in its 
origin. Similarly, there are a number of stars bearing 
Arabic names which have been permanently adopted in 
modem astronomy, viz., Achemar, Aldebaran, Algenib, 
Algol, Alphecca, Alpheratz, Altair, Betdgeuse, Deneb, 
Doietola, Fomalhapt, Markab, Merak, Mizar, Rasalgeti, 
jRigd, Vdga etc. The meanings of some of these names 
are given below. • 

Achemar, also written as Acamar or Akharaar, which stands 
for Al^ir-annakr •rnextnmity ol the river; An-mhr, the river, 
being the Arabic name of tlye Constellation, Eridanas. This 
oonstellatian has the appearance of a winding river, Eridanas 
bring the ancient name of the Italian river Po. 

AJUbSbaran — Al— the,debaTan*iComing behind or following; so 
called, it is said, because it amies behind the renuurkable group 
of Pleiades. 

AlfMrih means the reserve horse whkb is smnedmes taken 
. bjrgfaotsopDsa for ns^ when $be bssft fo is tiding bsoomri 
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k4i^Al^a-the riioul or svlvan 
Modusft s Head is the naine of a duster of stars is the Cbsistdhti . 
•^JS of Pwseos, which contains the bright star Algol 

Alpheratz >a Constellation Andromeda, which is betwMn the 

Constdlations Perseus and Pegasus. AZ=the, Faras — the h«8«. 

Aitair Alpha Aquilae in Constellation Aquila or Eagle. This 
constellatbn called in Arabic Naar e-Tair « the flying ea^ 
because its hwtd is turned upward as if it is fly ing up, 

Betelgeuse is a French name derived from the AxabK: 
ibt^ahjauza', /6t«arm>pit, s/==the,Jaw 2 aMConstdlationOrioib 

Deneb —• Zattab «= the tail; the tjul of the Dragon. Though 
belonging to the Constellation Cygnos or Swan, this star lies at 
the tail-end of the Constellation Draco or Dragon. 

Deiubola — Zatu^-ahAsad Tail fd the Lion, the star 
being in the tail of the Constellation Leo. 

Fofnalhaut Fom-ahhut •=> month of the latge^fish. Fom, 
/am^month, and hut » a large fish. So called as this stu lira 
in the mouth of Pisds Australis or Southern Fish. 

Markab or Alpha Pegasi — means the saddle-place. This 
star is at the back of Alpheratz. 

Rig$t Rijil « a person’s foot, so called as this star is in 
the 1^ foot of the Constellation prion. 

yigfit in Constellatioh Lyra — Wagi’’ falling. It is new the 
Constellation Near or Aquila, Eagle. The star has its head 
turned tcgrards the earth as if it is alightii« on it^ hence it is 
called Naar-e-Wagf - falling eagle. 

Astronomy occupied a prominent place in the cultu^ 

pursuits of the Chinese in ancient times. In fact, in China 
its advancement has for centuries been considered to be 
ess^tial for efficient govermnent. The date of the Chme^ 
calendar goes back to very remote times, but 
confu^km after some centuries, until the Emperor H<»^-; - 
Tii with a view to correcting and Ininging it up to date. 



B^C. BMjit'TI acpoiated 

tlui^ooeM th«qi 

otet^ations of the sun, the moon and the stars respective- 

' He idso instittited a Mathematical Tribunal to encou- 
rage the study of astronomy and to forecast ecli^ees. Astro- 
nmny flourished among the Chinese for a period of nearly 
IS centuries extending from the reign of the Emperor 
F6tt-Hi ( 28S7B.C.) to about 480 B.C. In Chinese litera- 
ture are fcmnd accounts of the fall of meteors from the 
dcy, nmiung 26 centuries back;, and one of the earliest 
recorded falls of a meteorite took place aboltt 644 B.C 

‘llie Chinese have recorded the fall of sinidc Inilliant 
flr^ialls as well as of showers of shooting stars. Professor 
F. R. Moulton of Chicago University says that they 
claim to have records of observations of sunspots made 
centuries before they were discovered by Galileo. * 

After 480 B.C. the tide turned and the science fell into 
neidact among the Chibese. In the days of the Caliphs of 
Baghdad, several Mahomedan astronomers migrated to 
Chma, where tW introduced the astronomical knowledge 
imd Di^hods of the Arabs. 



CHAPTER XXIV 

Hindu Cosmogony and Cosmography 

We proper to conclude with a brief exposition of some 
of the cosmological and cosmographical notions of the 
ancient Hindus. 

‘All rdigiote theories, schemes and systems remarks 
the great scientist Tyndall, ‘which embrace notions of 
cosm(^ny> or which otherwise reach into its domain, must, 
in so far as they do this, submit to the control of science, 
and relinquish all thought of controlling it.’ Were tke 
Sfearchlight of modem science directed on all the theories 
of creation propounded in the sacred books of the various 
religions of the world, we wonder how many of them would 
i survive tiiis rigorous test ! It will not be too much to say 
' that some of these theories, possibly many, must have been 
l^sed on such rough data as the extmt of ^entific know- 
ledge of the times could make available. The older a rdi- 
gion, the more difficult it becomes to interpret it m the light 

dmlidem science. Especially is this thecasewiththean^t 

Hindu theories of creation. It is diffi<^lt Jo ima^ne hw a 
correct exposition of theories propounde^word of mouffi 
onlv as in the case of the V6da§, about 5(^ B.C., could be 
pre^ted by commentators of dozens of centuries late^ 
‘^he offiy bJis for arriving at a correct ^ 

!hat was said in the D 

tarv ftf Havana who lived in the 14th century A.u. ana 

, the V^dic age had probably ceased to exist. . 

TK- • Rrahmftnda’ is defined in the sacred works of 
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hyinft on the ^ wo^lyMrse 

lii^ i^ beghming, enveloped in 
adstent Lord, desiring to produce beings of many kinds 
ftom His own body, manifested Himself and disputed the 
gloom. He first created the waters and deposited in them 
^s seed, which became a golden ^g having the brilliance 
<rf the sun. He himself took birth in that egg as Brahma 
(hence called Hiranyagarbka), the Progenitor of all the 
worlds. Then the Divine One, who dwelt in tRe egg, divided 
it into two parts, from which He constructed heaven and 
earth. He then created the ten Prajapatis or mind-born 
sons, who completed the work of creation. 


It may be noted that the name ‘Brahmanda’ as applied 
to the universe attributes to it an ellipsoidal form. Such a 
shape for the universe would not only imply finitude for 
^ce, but would resemble the spherical form which £in§tein 
assigns to space, in one important particular, that the 
ellipse and the circle are both closed* curves. But there are^ 
no data to substantiate the supposition that our ancients 
considered that the shape of the universe was similar to 
that of the egg out of which they believal it was formed. 
After the astronomical knowledge of the Hindus reached a 
high stage, the universe came to be also called *Brahmagdla’, 
a term first introduced in Sanskrit literature by the famous 
mathematician-astronomer, Bhaskardcharya. This name 
would, of course, give th^ universe a definitely spherical 
foOh. Finitude for space is likewise assumed in Hindu 
mytlmlogy, which statesthattheuniversehasdightoutpo^ 
guarded py Ashtagajas or eight dephants and^each of these 
gUart^s is ruled by aTUbkapala or regent appointed by ' 
Bts3a!aa&, %■'-- 

aae various theories given about creation in 
the dh^ant Hindu sacred books. The Rig-Vdda Samhita,* 
‘describing the order of creation, states that Sat (((Wt), which 
may defined as Reality, Entity car Existence, was first 
created ; next came the directitms or cardinal pennts of 

compass; then came the Earth, whiflh Was foQowed by 4dio 
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meaning the bouo^ess heaven* or aceee^lg: 


i^^)r 
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* beyond the earth, beyond the clouds, heyi^ the sky ^ 
more intdMgible and connected theory was later on evolv^ 
by the Vyasa out of the rather abstruse and ou^raidiy 
incottfflstent theories on the subject given in differ^ pla<»s 
in the Vedas ( Upanishads ). He explains in his ^B^ima- 
sutras that the first thing to be created was Akasto (gther^^ 
or Space), which was followed in their due order by vayu 
(Air), Agni or T6j (Fire, or Light), and lastly the Earth 
{which would idclude its Water). This th^ » de^ 
bed by Vyasa himself as the * Panchabhautilm Snshti , a 
universe made up of the five elements, and it is stateh ttet 
it was adopted by ancient as well as mediaeval Hindu 
savants. Vyasa and other sages of ancient India were the 
first to enunciate to the world the principle of ^evolution. 
(Jur ancients had grasped the central ide^ of Nati^ 
"^ence, and by doing considerable pioneering work, tod 
paved the way for the’modenls. They had m^e so mubhr 
progress as to have evolved theories about the birth and age 

dHhe world, and the conservation, transformation ami 
disapation of energy. They did all this chiefly by the 
deductivemethod, and they also did observe and expenm^ 
Our ancients also saw that there was one life pervading 
the whole of creation, and concluded that life was created 
and sustained by one Supreme Power. 

The conception that aU matter is built up of very 
minute, indivisible particles or atoms is said to haito or^r 
vnnated,soferastheWest is concerned, mth the Gr^ 
philosopher Leucippus wha lived somewhere about ^ 

” B.C., but theVomic theory in Andrat Gr^e iras acti^y ^ 
given shape and promulgated by^his disciple, pem^tue« 
though it was formulated on a ^ientific basis for the hrst; 
time in 1808 by the British phyacist, Dalton. Att^pts m 

* ancient times at an explanation of the m^enm world 
took the form of the hypothesis that all matter is consti- 
tuted of in^tesimal particles. 

In India the d^est traces to be found of the ktoai^ 



B.O, whose fotM iiuml^ is jrat^ 

^ T^ Narayandpauushad conveyssome idea of the 
sdhttteness of the atom in its following description of the 
rise of Atman ( Self ) :— 

I ( AiiSn^tySn mahatomabl:^ ) 

which means ' Minuter than the minutest particle and 
tn^r than the biggest ( thing )/ Later authors began to 
use without distinction either the one or the other of the 
tams viQ ( anu ) and ewn^ ( paramanu— absolutely small 
particle) to denote the atom.' For example, the former term 
appears in such works as the Bhagavadfidta, Manusmriti, 
Blmrtrihari’s 'Three Shatakas' and the Panchatantra, 
and the latter term in Raghuvamsha and Tarkakaumudi. 
Along with paramanu a few more synonymous terms cam€ 
into use from time to time, mm (matra), wn (kana) 
and hw (ISsha). Ttie atomic theory was called 
' ( anuvada ) and was deiEmed as the doctrine that all mate- 
rial substances are primarily atoms and secondarily aggr^> 
gates and that all atoms are eternal. Paramflnus ar^ 
described as spherical in shape parimandalya). 

'‘Anu 'in ancient works is made applicable not only to 
matter, but also to time. Thus an anu or atom of time 
represents l/5467500(Hh of a muhurta (48 minutes), which 
worics out to about l/19(XX)th of a second. A fuller expla- 
nation of the sense in which the anu or atom was und^- 
stood^and applied in ancient times will be found in the 
Encyclopaedia ofRel^ion and Ethics by Dr. James Hastings^ 
and in Indian Philosophy ( Part II ) by Sir S. Rfldhakrishnan. 

It is to tlie latter source that the present imter owes 
much of his information on the subject 

The Upanishads generally looked upon all material sub- 
8tan(^ %s composed of the four elements, earth, * 
water, light and air. Akasha (ether) is excluded owii« to 
its pe^iar nature and the fact that it does not enter into 
combinarion with the other elemeuts. As Rhdbflloislman 
^plains it * 





;; .. * llie^foor Aitolefito ^ ai mxfk-tui^:}:1ils$i^ 

aelvM diaiiseaibla and div&tiUe^ wMte flift^'Wial-.'ia . tigplt d^ ^j 
nadiadgaaUe and eternat llie ^oestkm nataia^ 
what the anc h a n geable, indivisiUe, eternal partidea are. In 
ferndent ci thought whidi produced the great S3rstenia (tf JahiMa- ;: 


and Buddhism, there were some who held the atomic jhjrpotheskid ! 
for examine, Ajivakas and the Jainas. Kap^ f(mii1^ted that 
tiieory purely on metaphysical grounds and tried tbroqgb it to ; 
simplify die world of thot^ht. . . . . . . . . . . . . : 


‘All things cgnsisting of farts ori^nate from the parts with nddeh;' 
they are connected by the relation of inherence, oonjimcdcMl" , 
co>operating. The things that we experience are all producti^: 
i. e., discrete or made op of parts. They are therefore non*etenniL ; 
Non*etemal has no meaning apart from etemaL Eardi, watw^ : 
fire and air are both eternal and non-eternal, while SkEsha is 
eternal only. The compounds whidi are produced toe ' > 
ixin-etemal, while the component partides' which are not' pro* 
doced are eternal. Th^ invisible eternal atoms are uKapablh 
of division into parts. The atom marks the limit of diviatoi. ' 
If it is endlessly divisible into parts, then ad material things 
would be the products of an equally endless number of consti- 
tuent parts, so that differences in the dimensions 6t tiiic^' 
cannot be accounted for. If matter were infinitely divisible, then : 
we should have to reduce it to nothing, and admit the paradoxical 
position that magnitudes are built up of what has no magnitude, 

bodies out of the bodiless . 

It is assumed that thereare four ctosses of paramapus, answtoing 
to the four great classed of material objects, earth, water, light - 
and air. These four classes of paramapus are said to produce , 
tiie four s«nses of touch, taste, sight and smell, and this is why ' 
each special sense reveals a single quality, however excited^ 
Though the qualities of earthly tldngs, as odour, taster smdl 
and fallibility, vanish on the destruction of the thing itsd^ ; 
they are always found in their respective atoms, thongb'in earti|;; ' 
and ftffwnn d earth some qualities are produced by heat 
Water, light and air do not suffer a similar change . . . • vii 
‘The atoms are naturally passive, and their movement is dttsr 

to extertod itopocti • • » t t » • f 
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'Thi^pBditiat(rfatt(»odiiets««diwto tfie atam* of whidi 
' tbegr at» omiposed. These atoms possess the five geoeral 
qm^ties ail sobstanoes, as also those of priority and posterio- 
rity. In addition to these, earth has the special quality of 
odoor and the other qualities of taste, colour, touch or tempera- 
ture, heaviness, velocity and fluidity. Water has the special 
quality of viscosity and the other qualities of earth exc^ smell. 
Light has the usual seven, and temperature, colour, fluidity, 
and velocity, while air has only touch and velocity in addition 
to the seven common qualities. These qualities are eternal 
in the atoms, but transient in the products. 

' In Greece as well as in India, the hypothesis (atomic) was pot 
forward as a metaphysical one and not a scientific principle. ’ 

The atomic theory forms an integral part of the 
Vaishfishika system of philosophy, a system to which* 
RfidhSkrishnan assigns a date between the 6th and 5th 
centimes B.C., t.e., about the time of Buddha and Mahfivira. 
It is chiefly a system in which both physics and metaphysics 
are combined, but its standpoint is more of a scientific tlum . 
of a speculative character. The first exponent of tlier 
Vaishfishika in a systematic manner was the great philo- 
sopher Kanfida, a nickname which etymologically means 
* eato: of atoms ’ ! 

According to the Puranas, in the Svayambhu or first 
period oi creation, there were two types of matter— 
Elements and Compounds-— called Sa^^a (primary matter) 
and iPraUsarga (secondary or * continued creation 
out of primary matter), and in the latter again f 
creation progressed in the following order (D Minerals 
(qiOTt Dhatavah ), (2) Plants, described as Urdhwa Shrdtas 
(v^^i^), organisms whose stream of life or current of 
nutriment tends upward ; (3) Animals, called Tiryak Shrd- 
tas ), creatures whose stream of life or channel 

for conveying food tends transversely or obliquely, and (4) 
Men, described as Arvfik ShrdUs beings in 

wh(»n the curreit of nutriment tends downward, ^ter- 
preted in terms of geologic chronology, t^ inanimate 
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creation represented by Minerals will hare oommeneed to 
the Azoic Age, ^ants and Animals begun to form in tiie 
Palaeozoic or Primary Era, continuing hifidier and higher in 
the scale of organization in the Mesozoic ( Secondary ) and 
Cainozoic (Tertiary) Epochs, and Man come into ezisteime 
in the Post-Tertiary period. So the Pur3nic order of crea- 
tion on the earth is in general accord with the modem theory 
of evolution. 

According to the Puranic computation of the Imgth 
of geologic time, the age of the earth at the date the 
Puranas were written was 1,960,853,034 or very nearly 
2 billion years, a value which, it is interesting to iK>te, is as 
good as identical with the estimate of present-day geologists. 

Now a few words about the geography and comm* 
*graphy of the ancient Hindus. 

The Puranas ( date between 400 and 800 A. D. ) contain 
divergent descriptions of the geographical divisions of our 
globe, the most important being the one given by tiie sage 
■(Parashara in the Vishnu Purana, the 3rd of the 18 Puranas. 
According to it, the earth’s surface is divided into Sapta- 
dvlpas or seven island continents and Saptamahasagaras 
or seven great oceans. The continents are Jambu, Plaksha, 
Shalmali, Kusha, Krauncha, Shaka and Pushkara, each 
being separated from the next by an ocean. The oceans 
are named Ksharasamudra, Ikshurasdda, Surasamudra, 
Ghritdda, Kshlrasamudra, Dadhimanddda and Shud^hdda— 
seas of salt water, sugarcane juice or syrup, spuituous 
liquor, ghee or clarified butter, milk, curds, and fredi 
or sweet water respectively. Jambudvipa lies in the omtre 
of all these. And according to Hindu theogony, in the 
centre of this continent, towering thousands of ydjanas 
( a ydjana being equal to about 5 English miles ) into the 
skies, is the golden mountain M^ru, the Olympus of the 
Hindu gods. It is like the seed-cup of a lotus and is the 
navel of the earth, and on different peaks of this mountitin 
reside the ^s. Six boundary mountains, each of fabuknm 
size amd hei|d>ti surround the earth. The earth’s smrhKtls 



a serial 6l ccmi^^ of land 


' Bxilthical mountain named tdkal6ka ^rdles the 
IB^be. It rises beyond the o(»an of fresh water wiUch 
sorrounds the last of the continents; to the «uthward side 
cd this mountain there is light, but on the opposite side 
rd^;ns utter darkness. LSkaldka thus divides the visible 
world from the regions of darkness.’ Thus is it said in 
*Raghuvamsha’, ‘Shishupfllavadha ’.and ’Mahsfvlracharita’. 
Here may be quoted a definitioh of the rinitude of the 
earth in terms of modem scientific thought. ‘ The surface 
of the earth’, says Lodge, 'has no boundary, no watery 
edge ovor which a navigator might sail. And yet, the 
earth iajfinite in extent and of easily calculable area.’ The 
mth has thus no brink anywhere from which a curiou§ 
ldobe*trotter could indulge in the luxury of gazing into an 
unfathomable abyss beyond ! 


Most of the seven continents narobd above cannot now 
be definitely identified for several reasons. Says Sarda mJ 
this connection # 


’Owing to the destrnction oi the greater part of Sanscrit litera- 
ture (by acts of vandalism by invaders), it is impossible now to 
interpret correctly these geographical facts, not only because 
these are only the frag m egt a fy remains of geograidiy inextricably 
mixed np widi Podipic mythology and theology, but to a ^eat 
extent because many of these ancient Dvipas and countrtes have 
bchn so materially altered in consequence of the cataclysm 
called the Deluge, as to have beaxne impossible of identification^ 
now.’ . . 

But m^ithstanding these difficulties, efforts have been 
made in recent years by some scholars to piece together 
these rotnnants and identify the various land and water 
divimons of the globe as known in modem ga)graphy. In * 
* Bharatavarridya Prachina Charitrakdsha,’ a very recent 
work in the Maratlfi language by Vidyanidhi Siddbdshwar 
Shastri Cbttraim« the author ipves the condurions arrived 
at by him cm the bads of gec^phiqd them^ hyiEK>tfae* 



l^yet be»i put forward - 'l^''' . fi^ 
tbe changoa earth's siurfaceluts undergo 

age to age. He also gives side % side the conclusioj^ d|; ? 
other well-known scholars like Mr. V. K. Rajwadd, whi^i : ■; 
however, in most cases materially differ from the author'R:; 
He mmexes a detailed map showing the various land and : 
watm regions that made up the earth’s surface in the age ; 
to which the Puranas refer. It is not possible to say 
without a careful and critical study how far his concliirions ^ 
.|u:e acceptable. Space forbids us from givii^ all the' 
details, but we may give a few of those relating to tbe c^' T 
tinent to which India belonged. 

Jambudvipa is made up of India, Afghanistan 
Eastern Persia, Siberia, and China excluding the sandy 
Regions of Mongolia, and is surrounded by Ksharasamudraj , 
which is made up of the Indian Ocean, Persian Gulf, the 
Caspian Sea, part of the Arctic Ocean, and parts of the 
present land regions in between the last three bodies of 
water which formerly lay under the sea. 

The countries composing Jambudvipa were Il^vratta 
(near Pamir Plateau ), Kdtumalaf Northern Iran, Turkest^ 
Afghanistan and Baluchistan), Bhadrashva (Mongolia, 
Manchuria and the Chinese district of Zungaria ) , KimpU* 
rusha ( Tibet ), Bharata ( India*), Hsirivarsha ( Siam, Bumm 
and China), Kuru ( Siberia ), Hiranmaya ( southern parts of 
Russia like Trans-Caucasia) , and Ramyaka (Rusami 
Central Asia). This continent has nine important moudta^: 
Gandha Madana (Elburz), Mdru (Pamir), Shydta (Tiett ; 
Shan ), Ramanaka (Altai), Hiranyaka ( Yablonoi), Shringa* 
vata (Stanovoi), Hdmakuta (Kuen-Lun), Himalaya, and 
Nishadha ( which includes Patkoi HUls, east of Assam ? 
Lusfaai Hills in southern Assam; and Arakan Mountains 
Burma). 

India or Bhdratavarsha, according to another authod^^ ^ 
conta ins seven important mountain ranges : Mah^ndbca ddv 
Oristo)* Malaya (southern portion of Western (Jhat^, 
(Sahyti^, t)|s nbrthfm portion of Western Gbi^: ^lls 
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tiinaa* Gandhainfldana, Vindhya (N<xrthem Vindhyas) and 
Fari^tra (Western Vindhyas), and the following seven 
tive»:— 

(1) ^nabhadrS 

(2) Sindbu— bidtts 

(?) HiranyavSha— a same which, in its etymolo^cal aoiae, nwana 
' bearing or carrying gold or silver It is identified 
with the river Sone, a tributary of the Ganges, whidi 
rises on the plateau of Amarakantyk or Gondwotw 
in Central Provinces and falls into the main river 
below Pitaliputra Bear the modfm dty of Patna. 

(4) Kdra 

(5) Gharghara-~ Ganges 

(6) Lbhita — Brahmaputra 

(7) Shatadru— Sutlej 

It is difficult to identify definitely two of the mountain 
ranges and two of the rivers. * 

There are different theories about the location of the Holy 
Mountain M^ru. Parashara, as abov« stated, says that it 
stands in the heart of Jambudvipa. A second theory is 
that M6ru consists of the highlands of Tartary immediately 
north of the Himalayas, meaning no doubt the plateaux of 
Tibet and Pamir. M6ru, according to Bhaskaracbarya, is 
the abode of the gods Brahma, Vishnu and Shiva. But on 
the whole there is unan|jputy in attributing to it fabulous 
size and height One ^apthority describes it as a 
mythical mountain said to consist of gold and gems 
and ground which the planets revolve. Among the 
innumerable names of the god Shiva are Mdrudhaman and 
Kailasanath. The former means ‘He whose abode is 
Mdru’, and the latter ‘Lord of Kailas’. In ‘Mdghaduta’ 
and ‘Raghuvamsha’, Kalidasa describes Kailas as a peak 
of the iHmalayas and residence of the gods Shiva and 
Kub6ra. The fact that Mdru in some works and Kailas in 
oth^ are represented as the abode of. Shiva, and that the * 
sacired Manasardvar, one of the lakes from which it is said 
the gods drink, lies in the vicinity of the Holy Mount of 
Kailas, has led some Western writers to conclude that the 
two mountains are klenticaL Tilafe expounds the view 
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that M6ni is the terrestrial North Pole of the fiSndll aabtt* 
ncHiuna, and in support of it quotes, atncmg other author!^ 
ties, a line from Surya-Siddhflnta which means:— ‘At ytim 
the gods behold the sun after only a single rimng durii^ the 
half of his revolution beginning with the zodiacal consteUa* 
tion Aries.* He adds that the description of Mdnt given in 
Vanaparva of the Mahabharata leaves no doubt that this 
Holy Peak is the North Pole or at any rate possesses pcdar 
characteristii». 

The universe consistsof three main worlds : Heaven, 
Barth and Hell,*but according to fuller classification, the 
number of worlds is fourteen : seven upper and seven lower. 
The upper worlds, ascending one above the other, are : — 

(1) BhSilMca — The Earth 

(2) Bhuvaiidka — The Region between the Earth and the Sun, which 

would indude the whole Atmosphere, the Moon 
and the plenets Venus and Mercury. 

(3) SvarlOka — The Heaven of the god Indra, and tmnpoiary 

tesfdence of the virtuous after death, being the 
region between the Sun and the Pole Star (Dhmva), 
which would indude in it the superior planets aii4 
a number of stars. 

(4) Mahazlftka — The World of ligtt and Lustre 

(5) JanarUka — * The Heaven of the Deified Mortals and residence d 

the sons of Brahma. 

(6) TaparlAka — The Heaven of thote hdy sages who have attained 

the nature and gualities of the gods by austere de> 
votion. , 

(7) SaW>lhha oe Brahma^ka — The Heaven of the god Brahma* 

Different definitions of these worlds appear in different 
works. Bhgskaracharya, for example, in ‘ Bhuvanakdsha*, 
defines Bhurldka and Bhuvarldka as the two halves of the 
earth, its southern and northern hemispheres respectively, 
and Svarldka as none other than the Holy Mountain M^, 
* the abode of the gods Brahma, Vishnu and Mah€sh *. We 
have however given preference where possible to only those 
definitions of these worlds which would be intelligible from 
the astronomical point of view. The light of the sun iUtt* 
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be a gloifotis and fittinsi»iBM ^ itibat 
th^ heavens which is hluminat'^ 
tIbMdc ‘^hthouse^ the oceans of space- as Magba,Rdhini, 
FOiyabhadr^ and Ardra (Regulus, Aldebaran, Scheat 
with Markab, and Bete^euse respectively), but we have no 
sufficient data for so grand an inference or assumpticm. 
The remaining three worlds rise one above the other 
between the outer boundary of Maharldka and the vault of 
the universe, Satyaidka or Brahmaldka being the last and 
uppermost. It is said that Ydgis, Tapasvis^and Sanyflsis go 
to Mfidiarldka, Janarldka, Taparldka and Satyaidka accord- 
ing to their merit. 

The seven nether worlds are Atala, Vitala, Sutala, 
Rasdtala, Talatala, Mahatala and Patala, descending from 
the^ffth one below the other, and are inhabited by Dand- 
vas i demons ). Patala, the last of these, is peopled by 
Nai^sor serpant-demons, but the yishnu Purana gives a 
graphic description of the beauty and attractions of this 
world. The same work says that, above all these fourte 
worlds which make up the universe, lies Vaikuntha, 
abode or Heaven of Vishnu, though Bhaskaracharya is 
content to locate it on the Holy Mount of MCru. It is stated 
that even the gods cannot describe the splendour and glo- 
ries of Vaikuntha. VaikOntha is however separated from 
our universe by the Viraja^ river, which is said to be 10 
orore ydjanas, (equal to 50(1 million English miles) in length 
and ITcrore ydjanas ( 50 million miles ) in breadth. 50 crore 
ydjanas (2) Inllion miles) above Vaikuntha, again, li<^ the 
la^ and l^hest Svarga or Heaven, the Gdldk^the Hindu 
Empyiean— -which too is a world of indescribable splendour. 

A few words about the Vddic universe. The question 
has often been asked where the Vddic divinities dwelt. 


f this i 
iTteejM 
I, the 


They must have had a univer^ in which they liv^ • 
ami moved and had their being. Several hymns in the Rig* 
Vdda mention this universe as Earth, Sky and Heaven. In 
his work, The Ve^c Gede^As Figures cf Dr, V.^0. 

dealf exhmutively with this frptn a 8(;ienti0c 
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TKe two boiiirb^ are peixhed onthe eiarfh’i^ 

pole, and there is cleav^^e in the heavens. The An^Adlil 


( sky ) is filled with water and has moantains and sttesiih] 
in it.’ In other words, the V6dic univeise coi^ts of 'tv^ 
halves rising vertically and parallel to each other, esacb haiC ; 
having its earthly, aerial and heavenly regions, and eash' 
r^on in the one half being united with a similar region ist 
. jthe other half. The universe thus presented would ; 
somewhat like*a pair of scissors standing on its apeit. J|a 
the author describes it, it is fashioned like a tree. VattUSB^: 
the god of watms, is said to hold its stem on the unsupporh ; 
ed r^on, and its roots are high above in the heavm. The 
Vddic universe would thus be different from the eztennd 
•universe known to us. R616 gives a physiological exi^ . 
nation of this seeming difference. He propounds 
view that the V6dic deities have an anatomical origin and 


are personified in the various parts of the human nervio^ ^ 
system, quoting in support of it Susruta’s theory that the 
^6dic gods have their permanent abode in the human body. 
He thus identifies the Universe of the V6das (the Rig^^ 
with the nervous system of man, the Earth represmitihg 
the spinal cord, the V6dic heaven the brain, the Antarik^ 
the point where these two meet, and it is in this univCTse 
that the Vddic divinities reside. He explains, on the biolq- 
gical hypothesis, the strange appearances of these gods. He 
also interprets the various legends associated with them 
with the help of physiological and embryological date, but 
a proper and fuller understanding of the whole subje^^^fs 
possible only by a perusal of the book itself. The theor^: 
he advances in it afford food for thought and material IfW 
further research by V6dic scholars, particularly those 
are fairly conversant with the sciences of embrypk^ly, 
human physiology ar^ anatomy. 


There are still among us people, whose number is howf^yBr ; , 
decrea^ng, who are given to indiscriminate adulation of 
hteUfigtimis Ithd Uiod admir8fi<)^ 
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our aiicimt cuttnre. Side by side there is a tendency 
anK»g aany of us to look upon our oosmog^mical tradi* 
tkms in a li|d>t*hearted q;>irit or even to disbelieve then 
totaUy. TUs attitude Is due to the fact that many of 
these traditions have been so diversely interpreted by 
different authors or commentators that the key to their 
ifetmpretation has been lost, and to many of us they are 
like a tangled web practically impossible to unweave. 
Here may be quoted an illuminating remark about these 
traditions made by so cautious % scientific authority as 
Sir Charles Lyell, who says in his Element of Ceok^ 

“We cw by no means look upon them as a pure effort of the 
unassist^ imagination, or believe them to have been com- 
posed without regard to opinions and theories founded on 
the observation of Nature.' In his book, Is India GviUzed?, 
^ John Woodroffe remarks that the theory of man's evo* 
lotion held by the ancient Hindus was not, like the modern 
doctme, based entirely on observation and a scientific 
inquiry into fact, but was rather {as ih some other matters), 
an act of Inrilliant intuition in which observation may ^al§o i 
have had some part. In the light of these two remarks, i^f 
is possible to understand, to some extent at least, the bases 
on which the cosmogonical notions of the ancient Hindus 
wore founded. 

Sr Oliver Lodge, it is of interest to note, says that 
the earth may be expected to have an end, ‘ though what 
the end may be we have at present no idea.' From some of 
the astronomical chapters of this book it will have been 
noticed that, according to modem scientists, the earth—' 
or rather life on it— may come to an end as a reqult of any 
one of the following catastrophes 

(1) G^Qision of the earth with the nndeos of a comet, aocor- 

diog to Gregory. 

(2) Ccdlieion of the earth with aa asteroid, according to Jeans 

' and Gregory. 

0) The gradual extinction (rf the son owing to its continually 
losing mass at a trwnendons rate, reference to which 

is'mads at the.endicf Cha|>ter,XIL 
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In the last case life would of coune have been Uottoil 
out of the earth billions of years before the aiimhflatk)ii <if 
the sun, on account of the quantity of solar radiation avail* 
aUe to the earth at a certain stage becoming absolutdiy 
insufficient to sustain life. Peering into that abysmal 
future, what would be the fate of this lifeless earth when 
the sun is gone ? Long before the entire destruction of the 
sun its mass would have shrunk to such an g^ tont 
all the planets and planetoids would break away from its 
^^vitationai ppll, so tltat the whole population of the 
solar system — the satellites accompanying the parent 
bodies— would dash out into space, careering along with 
the comets as so many road-hogs of the^ universe ! These 
frozen ex-members of the solar system would then be 
lighted (uily by the stars and enveloped in perpetual night, 
ft would tajce millions of years for the complete disint^[ra> 
tion and annihilation of the earth itself owing to the great 
density of its materiaL but once the earth becomes a dere* 
L lict, life cannot reappear on it 

\ *B&t the end of the sun or of its family does not mean 
me end of the universe, nor even of that astronomical 
universe, our own galaxy, of which the sun is a member. 
The end of the universe, explains Jeans, will come when every 
atom capable of annihilation has been annihilated and its 
energy transformed into heat-energy wandering for ever 
round space and when all the weight of any kind whatever 
which is capable of bepig transformed into radiation has 
Jbeeen so transformed. This means that a time will come 
when nowhere in space or the universe will exist anythii^ 
in a solid, liquid or gaseous state, for even the atoms will 
have broken up and the universe become one vast ocean 
of radiation distributed equally and at a uniform tempera* 
ture. As it is believed that matter can never re-form itsdf 
• from radiation, the universe then becomes a featureless, 
matterless a"d virtually empty and weightless ocean of 
space, and time in the ordinary sense di^ppears into eter- 
nity, a f’hangaiiwa etouity exc^t possibly for the coi^* 
nued expansion of ^ase, for, as Eddington explains, ntma* 
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vtitewffibe^^ and tidnner, imaaing into Uofeer 
aadllmger wave-lengtlia. * So the end of the universe*, 
nemarks the physicist Dr. R. L. Waterfidd, * will be much 
like the beginning— a timeless, unchanging eternity. 
But whmreas the first eternity is a homogeneous chaos of 
gas, tihe last eternity is a homogeneous chaos of radiation. 
And ^nce we believe radiation can never change back into 
matter, the first state is like a clock wound up waiting for 
a chance wind to set ite pendulum in motion, while the 
last state is like a clodr hm dowm waiting px the chance 

that can never onne to wind it up again. ’ 

/ 

In juzitapositiaQ with these conceptions of modem 
science as to the ultimate fate of the earth and the 
whole universe, may be placed the ancient Hindu theory 
of * MahSpralaya ’ or * Brahmapralaya ’ — the Great 
Dissolution or Destruction of all Creation — which is said 
to occur at the end of Brahma’s life period amounting 
to 100 Brahman or divine years. According to Atharva- 
V^a, a Brahma Din, a day of Brahma, is equal to4,^yi 
million mortal years. If to this is added a like vmuf 
representing the term of a Brahma Ratri or night of 
Brahma, we find that a full twenty-four-hour day of Brahma 
or Xalpa as it is called, is equal to 8,640 million years. The 
life period of Brahma, 100 divine years, called a Mahflkalpa, 
will thus amount to 315,360,000,000,000 or a little over 
315 trillion mortal years. I^is then will represent the full 
span of life of the universe. About.tbe present age of the 
unhrarse, modem science in trying to give us an idea places 
before us values selection from which is very difficult At 
the mid of *Chapter XX have been given two estimates, one 
coming fipom an all-round scientist of world-wide distinc- 
tion, and the other, probably the latest, from a scientist 
who may not be so well Imown. But these estimates 
of 200 trillkm and 3 billion years respectively are as poles 
asunder. 

According to the Hindu Scriptures, Hiere are two major 
Pralayas or dissdutions : (1) Naii^kat. ocaaiotiai or 
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in dde nt a ! destmctjon of all creatfoi^ of aH'tfaail fipP'' 
and has a fonn« but not of the substance. The subatanca ' 
remidns in stofa oiio tiU the new dawn in that night ( Brahma 
Ratri ). The universe is thus altematdy created from and 
dissolved into its material cause at the end of every Brahma 
Ratii and Brahma Din. The Vaish^shika philosophy caUs 
this intmm^iate destruction Avantara^Pralaya, ‘avantara* 
in Sanscrit meaning ‘secondary’. (2) l^akritHka or 
Mahapralaya, the Great or Universal Dissolution, which 
occurs at the end of the life period of Brahma. At the 
Mahapralaya dll the worlds with their inhabitants as 
wdl as the gods will be annihilated. So then life is 
recreated in the various worlds out of the substance of tiie 
universe at the end of each Naimittika Pralaya and 
finally disappears at the Mahapralaya. In this final 
F^aya everything in the universe, material aswdl as 
immaterial, is resolved into the atoms, and as the Vaidid* 
shika says, the atoms then subsist without produdng any 
effects and remain ik>lated and inert. Even the gods 
\JBialUpa and Shiva are not spared, for like the rest of 
oreation they are created out of matter and must dissolve 
with mattm*. Tennyson so appropriatdy remarks:— 

‘If all be atoms, how then dioukl the gods 
Bdng atomic not be dissoluble. 

Not Mow the great law ? ‘ 

To what extent there may be bases for the Hindu theory 
and for the seemingly arbitsary periods fixed hv mir 
andents for these possible Pralayas, we are not in a pod- 
'^n to say. Average mortals like us can only indulge in 
mathematitipl diversions by taking the ancient Hindu 
theories with modem Western ones wh^e convenient! 
Accordin^y, in the light of the theory that this universe 
will some day come to an end as the result of a MahSpralayi^ 

. or a * heat-death ’ according to Jeans, or the ‘bursting’ of 
an wpawHing space like a soap-bubble, a possibility va^idy, 
or hffyjtafing l y hinted by Abbd Lemaitre, or like a toy. 
balloon to borrow Eddington’s si^e, we venture to preomit 
such of our readers as may bdieve the theory of space* 
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as wdl as that of Mahapraiaya, with a problem 
pmhaps more fantastic than any that can be fonnd or 
conceived in the whole range of mathematics :~ 


* If the universe is now 3 billion years ok), if its span of life is 
315*36 trillion years, if space doubles its diameter every 
1,400 million years and if the present tadins the nniverse is 
70 sextillion milra, what should this radius be at the Mabi* 
pralaya?' 


There is no harm in attemptingr the answfr ! This is a 
simple sum in Qeometiical Progression. We find that the 
balance of life which the universe has still to run is 
315*36 trillion tmn^s 3 billion years>"315,357 billion years. 
Hie common ratio is 2. The first term is 70 sextillion, and 

the number of terms in the whole series is 

225,255 nearly. Applying the relative formula, we find 
that the last term of the series, in other words, the radius of 
the universe at the Mahflpralaya, will lie 70 sextillion x 2****** 
or countless decillions of miles ! > 


The Paingala Upanishad tells us that, at the Final Dis^ 
scdution, the BrahmSnda or primal universe and its effects 
the worlds are drawn in into their cause, the subtle organs 
of sense and action and the four internal organs mixed 
tc^ther, and all things composed of the elements are 
resolved into their primal elements. The Earth is resolved 
and d^wn in into Water, Water into Fire, Fire into Air, 
Air into Ether, Ether into Egoism ‘(Ahankara), Egoism 
into MaheU (Secular Reason or Intellect), Mahai into** 
Ai^fokta (Prakriti, the primary germ of Natureor produc- 
tive principle out of which all the phenomena of the 
material universe are developed ), and lastly Avyahia into 
Pumska (the Supreme ^irit). Like Space and Matter, 
Time also is swallowed up in Him, and the Supreme Bdng 
becomes then the Eternal, Universal and Unconditioned 
lime. The Anadi Vaikuntha, the Heav^ of Vishnu which 
has no b^inning, with its souls enjoying JimmukH 
(Uvkg Frekknu), and even the gods Qrahma^ Vishnu and 
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are absorbed into or reunited with Paramatman ( 

Self). Ctodistousboththeeffidentand material cause 
the uniyerse, that is to say, is the source of the who^ 
unhrerae as well as the place whereinto it dissolves agai^ 
In other words, the universe is a projection of the Lord, or - 
the Lord Himself. 




j ADDENDA & CX)RRIGENDA 

Chapter II, Item 19, pages 39^40 

^ under this item appears the remark tha^ & tiifi 

epfnimk dt American engineers, it is possible to construct % 
qdiers which can go down, with divers inside, to even h^ i ^ 
Ifneafii the ocean^sutface. • 


It ia now reported in the New York Timet and file (C^tcagfi 
Dail» Tribtme that Beebe and Barton qnite tocoeedad^i' 

penetrating to this record depfii in a steel bafiq^p]|ere 4 ft 6 ui. in 
dhuneter and inches thick, provided with three protruding port- 
hrdes ci fhaed quartz panes 8 inches in diameter ai^ 3 indms thidc, 
Attached to fiie sphere was a powerful searchlight Tim dasoiiA 


was made frmn a ship 10 miles off the coast of Nonsudi taliitifl ^ 
the Bermuda group. As they descended into the watery abyss, 
th ey br oadcast their sensations and a graphic description oi the 
tmdIm'SBa life they saw to thousands of radio listeners in America, 
'niey also took motion pictures at the bottom d the descent The 
pressure here was 80 atmospheres or over Half a ton to the square 
inch. Beebe once remarked that, if such a pressure were loosened 
for the faction of a second on a human being, he would be rednoed 
to amorphous tissue 1 


At fiiis great d^ifii the explorer^ found themselves in a 
green, diml y lighted world’. The spectroscope registere(> zoco 
annligfat, but they could see from time to time without using fim 
searchlight owing to the myriads of luminous fishes that gashed past 
them I Theto fishes illununated the waters ^fii varied tints Of 
pale green or pede blue. At one moment the s^ 'became 'as Uack 
as Hades’, and at fim next the scientists wwe in the midst of *a 
killiant iridescence’. They closely observed fiie strange vartofies 
of fish around them as they came within the range of the seardi- 
licdit In his radio message- to the New Yoth Tiii^t§ 

Beebe aanoonced that the scientific results of the descent were moit 
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gnlfflfKlimnt investigation shows that the title of Vannan adopts^ 
ty tiie Hindn rdors of Borneo was not omfined to tiie Paliavas of 
India. It was also assumed by tte S^dndra kiiKP of 
Shtl Vijaya, whO themselves mijdit have adopted it fcom the 
pthMtN of eome <d whom bote that title. , 

Chapter VII, Item 5, page 2QS 

The (mevhich Ci^t Uwins set np tiie aaro^am dtitnde* 
esipQrd.was the 1i6tii <d September 1932. 

Chapter VIII, Item 3, page 213 

In an artidi in tiie Times (London) of 8tb October 1932, 
Dr. Piocacd gives tiie highest altitode reached by him in his second 
B yw as 53,672 ft, ( 10 miles 1 for. 71 yds. ). 
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A 

AliSlilpt (8tar)->Me V6ga 
AcatenangOb Eruption of, 117 
Acbemar ( star) — see Eridaiu, 
Alf^ 

Aooncagna, Mt^ 144, 183 
*A8rial Train', 83, 

Aeroplane kept etationary in mid* 
air, 131-132 

Agastya (star)— eee Canopus 
Air, Weight of, 209-210 
Air Gases : Points oi Liquefaction 
*& Solidification, 295, 296, 346 
Albatross ( Giant Sea-bird }, 

152-153 , 
Alcyone (star), 322 
Aldefaawn (star), 316, 325, 366 
A%enn>(star), 317,366 
Algol (star), 318:319, 325, 367 
Ali^iecca (^), 317 
Alpberatz (star), '317, 367 
Altair (star), 313,325, 367 
Attitude Fliid^t Outfit, 205-206 
Altitude or Elevation 

Limits for Animal, human 
'*& Vegetable Life 
Beasts (Cavaivoious), 131,139 
„ ( Herbivorous ), 139 

Birds ( for Nests ), 140 
Forests, 117 
Insects, 143 
Man, 208-210 
Trees, 118-119 
Vegetatfoo, 130-131 


Altitude or Elevation 
Records, World's ; 

Aerial Battle between Miuiaitd! 

a Great Bird, 124-125 
Aeropbuies( Land), 197, 
206-207,390 

Autogyro or Windmill 'Phoja v 
or Helioopj^, 131 ^ 

Bacteria, loA ’ * ^ 

Balloons (MannecO, 197, l03, 
213,390 

Balloons (Pilot, Unmanned), 
221 

Balloons (Sounding^ Unmanr^ 
ned), 2^ 

Bird-fights, 82, 144, 152 
Dust-storms, 86 
Flying Boats ( Seaplanes ), 197 
Gliders ( Engfineless AMa> 
planes), 82,98 
Grasshoppers, 129 
Gun i^rojectiles, 220 
Haze, 94-95 

• Heavy Aircraft wifii Passen- 
ger-load, 98-99 • 

Insects, 117-118, 140, 143 
Listening to Musk by Radk^ 
202 *• 

Load-canyu^ Uphill, 152 
Locust Flights, 81, 128 
Mountain Climbs, 153 
Obsorvaticm Kites, 197 
Parachute Leaps, 1+7 
Ph(^»graphy, AmH 193 


391 



Altitopbok Blbvation 
Records^ Wosi.D*s(o0nAii) :** 

Rodcet 'Plaiies ( MiuiiMd ). 61 
Rodket 'Planes (Expertmeatali 
MaQ-canyiiig, Uomamied ), 
87 

Rodkets ( SoandincTt Unman- 
ned). 195-196 
Sand-stmrms. 86 
SeaFos^ 29 

Sonnds ( Terrestrial 75. 82, 
86. 99, 102. 105, 139-140 
Ttansinisskm <rf Wirdess, 213, 
215 

Amamatb, Cav# Shrine <tf, 
115-116 

Andean Volcanoes : Emptions of 
April 1932: 173-175. 181 
Andromedae, Gamma (star), 318 
Antares (star), 32% 325, 327 
Adi- Aircraft Devices & Weapons, 
199-202 

AnnrIdbS (Lunar Mansion), 317 
Appleton Layer, 240-241 
Arctoms ( star ), 314, 32%, 

Ar<hri ( see Bete^teose, star ) 
Artesian Salt-spring, 17 • 

ArtesiadWells, 10-11, 12, 17, 18 
Ashldshi ( Lunar Mansion )— see 
Hydiae, AI^ 

Adtviid ( Lunar Madhion ), 316 
Asteroids, 250, 253, 300-301, 
304-305 

„ Weights of, 305 
Atmosphere: 

Consdtnente of thei, 219*220 
“HOogvensoas’, 1^1 
^miaathm of 189*194 


Atmosphebb (dOfiftf.):— 

Weight of the, 242 
Weights of the Inlividad 
Q)iMtitnent8, 242*243 
Atmospheric Electricity, Record 
Oapture of, 135*136 
Atomic Theory in Anc^t India, 
371-374 

Atoms & Molecolest 189, 336-338 
Aurora Polaris (Borealis & A«e- 
traits), 22^-229, 231. 241, 
245-246 

Avalanches, 154*155, 156, 157 
B 

Bacteria, 102-105 
Bacteria ( Luminous types), 

103-194 

Bacteriophage, 102-103, 104-105 
Balloon, Asiatic Home-madar497 
Balloons, Sounding, 213, 218-21#, 
220, 221 

Barking Seal, 53 
Bellowing Turtle, 53 
Betelgeuse ^tar), 320, 325, 327, 
367 

Bhatapl ( Lunar Mansion ), 319 
Bharata (stor)— see R%el 
BtUows, Highest, 32 ** 

Bird-flights: Longdistance Re- 
cords, 152*153 
‘ Boiling Lake’, 166 
BoreWeUs, 11-16 
Brahmahridaya (see C ape U a. dar) • 
Bride Peak, 157,184 
Broadcast <rf Scenes in a Live 
Vokm 169-170 
Bodha (ass Mercny) 
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Cabl«i» &dm«rinef 43 
Caaorit Delta ( star), 319 
n Iota (star), 319 
Cannon Shells, Velocities of, 287 . 
Cancqnis (star), 323,328 
Cape^ ( star ), 314, 325, 327 
Cassiqpeia, Eta (star), 319 
Castor (star); 314 
Cave-men, 8 

Centanri, Alpha \ ^ax ), 311, 327 
(star), 322, 325 
Proxima (star), 

310-311 



Borealis ( Constdlaticut)* 


317 

Corvas (ConstellatioD), 317 
Cosmic Rays, 189-194 
I Cotopaxi, Emptions of, 173 
Crocodile, Langest Species, 47 
Cmds, Alpha (star), 321-322 
„ Beta ( star), 321 
Cygni, Alpha (star), 323, 328, 
’ 367 

M Beta ( star ), 318 
„ 61 (star). 313 


QiitrS ( see Spica, star ) 

Clouds : 

Alto-Cumnlos, 127 
Alto-Stratns, 117 
Cinro-Comolas, 144 
Cirfb-Stratos, 151 
' Cirros, 138-139, 194, 213 


D 

Dead Sea, 58-60 
Dead Sea Minerals, E^qdoitathm 
of, 59 

' Delphinos (Constellatbn), 318 
, Deneb (star ) — see Cygni, Alpha 
Denebola ( star ), 316, 367 


Cnmalo-Nunbas, ( Thonder , Denodation, Erosion and Wm* 


Clodl), 86. 146 
Cnmnlo-Stratos, 98 
Cnmolnsb 85 
Fiacto-Nimbos, 69 
Nimbns ( Rain Cloud ),,81, 87 
Stratus, 75 

tfloods, Hei^t Measurement of, 
194-195 • 

Comets, 250, 252, 254, 256, 
301-304, 305 
H Weif^ts of, 305 
Condor (Giant Bird), 144 
Cota], 37-38; 39, 42 
Cormonat, Diving Power of the, 
33-34 


thering, 97-98 

< Descents into Live Ctatenb 
165-166, 170-171 

I Dhanishtii (Lunar Manm(») —see 
Delphinus • 

Dhruva-nakshatra ( see Ptde 
Star) 

Dhumakdtn {see (hornets ) 

Diver’s stay under water : World's. 
Record, 36 

Diving 'Apparatus, 33, 35-37, 
38^0 

Diving Records : 

(1) In Lakes, 38 

(9 In the See, 37, 38-3% 389 
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<l>«K09ni^ Ahiiift(«lar), }16 
t>yiHuatto l^qdoskm: Bflcord 
Kings of AvdibOity. 179 

B 

Earth: 

AgnoftlM, 2. 352-353 
Aiwofthe, 7 
Biiflicrf the, 1 

Central Core of the, 21-24, 160 
Composition of the Crust, 2-6, 
21-22 

Densities in Interim, 21-22 
Elevatkm of Land Surface, 66, 
69,71,72 

Heat in deepor intmior, 20-21 
Phases as seen from the 
heavens, 248-250 
Pressure at the Centre, 21 
Weiflbt oS the, 27-28 
Wttg^ of ^ pmtral Cote, 
160 

‘Weight of the Crust, 160 
Earth as viewed : 

(1) from a few miles’ height 
( description by tbe poet 
KiUdlsa), 204 
(2D from above the * Rocrf * of 
*tfae Himalayas, 188-189 

(3) from 30 miles up, 236-238 

(4) from t',500 ^pules above, 

246 

(5) from midway to the Moon, 

249-250 

(6) from die Moon, 247-248 

(7) from 800,000 miles away, 

248-249 

(8) from motfasr Planet,* 251 
' <$) from a Star, 311 


Earft's AtmomiMM: 

Arab Estimates of Hej8&t^ 
231-232 

EarthquUces, 24-27, 45 „ ' 

i^idani, Alplto (star), 31&jl8(|;* 
j » Epsilon ( star ), 3 

! Etna, Eruptions of, 171-178 < '! 

< Everest, Mt., 159 

I 

I . I" 

I Pall from greaf heifi^ 207-208 
I Fire-fly Lamps, 52-53 
Fishes : ” 

! Bearded, 50-51 ' ^ 

, Cdooted, 40,50 

De^sea, 40, 41, 42, 43, 44, 

; 50-51, 52; 54 

' Electric 49 

• Flyii* 47-48 

Luminous, 39-40, 42, 50-52 
> Mate-carrying, 51 
Sdf-inflating, 47 
' Singing, 54 >- 

Sound-emitting; 53-$l ’ 

; Fog-bow, 275 

, Fomalhaut (star), 313, 367 - 
Fossils, 4-5, 6-7, 144-146 

0 

Ganges Water ( Gang6daka*)» 
104-105 r 

Geysers, 64,163, 164 
Giant Fountains {Artificial}, 17-18 
Glacien, Moraines A Creyasses, 
75-81, 154, 155-156 
Glacier Lake^ 128 
Glider (Engineless Asr<^kne}i 
82-84, 98 

Glider, ]^odnt-d{ivm, 83 





)Go^#inuM l4^ (ai^^ omti* 

V K |l4<j^ 146 

( star )-~«e Algenib 
^n^ Ouiyoii, 96-97 
0Ni9t^^ BflW ( Constellation ), 314 
0^i|i|iHuii, 40 
Qnrfi "{BtahOpati )>— ( see 
,Ja^) , • 

H 

HaU-stb^ M aeon ftom ttie air, 

95 :" ''4**' 

Haste (lAUMr Mansion) — see 
• Corvns 

Heavindo L>ayer, 225-227 
Hwcnles, Alpha (star), 323, 325 
„ Eta (star), 314 
f&g^^est ( most etevated ) Town 
^in Eastern Hemisphere, 119 
^^teialayan. Research Institnte, 
' 150*. 

Hiau^bsnwt How tomed, 
144-146 

IHada & Boddhist Temides etc. 
in Dotdi East Indias, 87-94, 
390 

H<de-men« 8 
Hoovir Baai. 98 


ico'- 'io^tktes-te : 

3^33 

* InteridanetaiT Sodetiei^ 

Isostatic EqttiUhrinm,: 6 . 

■ ' 3 ' 

Joiqssong La, Mt, 147,184 
Jupiter, 253-254, 294 
Jwlllmukhi (Place ol 
mage), 72-74 

Jy6shta (see Antares, star) V i' 

K . 

Ksulas, Mt., 140-143 
Kimet, Mt., 146-147, 185 
Kai^dienjanga, Mt, 157, ' ' 

158-159, 186 ‘ 

Katmai, Erapti<mof, 166, 181 
Kilanea ( Live Volcano), '8^ 
168-171 

Kolar Gold Fields, 18-19 
Ktakatoa, Eruptions of, 177-181 r 
Krittika ( see Pleiades ) *: 

L 

Lake of ‘Liquid Fire* (ste 
Kilanea) 

.Lake * playing hide and seek*, 27; 
Lakes above 15,000-fb teeva^i^ 
129-130 

Lammei^yer ( Giant Bird), 144 


Hot Rain, 172-173 
H^tdes ( Star Cluster ), 319 
Hydiae, Alpha ( star ), 318 

Icd^gs» 31-32, 33,^1, 78 

l<»BUnlt 33 

loe in; Pdw , I^^ns, Total 

oCte%- 80-81 « 


Lifibtning, 132-138 

Locusts, 81,128 

Lubdhaka ( star )— see Sirius ; 

Lnminons Plants, 52-53 ' ^ 

M :::§ 

Magellanic Clouds, 335 ; 5 

Maf^ (see Regteus, iSar )::: 
MinasarSvar, Laksi l ; 



urufts 


Ma^(star), SI7.367 
Mn«i 251<m 253, 293-294 
limiiift Km;, Mt, 5^ 119 
Msiiaa Loa, Mt, 119,168 
McKidsy, Mt, 62, 139 
M«aity (Pknst), 252-253, 
291-293 

MatMcsb Meteorites & Shooting 
Stm, 221-224, 225, 240, 297, 
368 

Mflky Way (Galaxy), 333-334 
Iffiia ( OmicRm Ceti, star ), 
319-320, 325, 327 
MizagM in Deserts, 65-66 
Mingea at riie Poles, 85-86 
Mitca (star)— SM Centanri, Alpha 
Mod Pel6e, Emptian of, 162-163, 
181 

Moon : 247-248, 258-262.296-299 
M Birth of the. 258-259 
Eclipse of the, 261-262 
„ Sunrise as viewed from the, 
298-299 

M We^t th^ 259 
Mountaineering Dangers, Hard-, 
di4i8«>d Outfit, 153-156 
Mrigasibiril ( Constellation) — 
mOtkm , 

Mnli (Lunar Mansion), 317 

I 

N 

Nabhassarit ( tee Milky Way ) 
Hands D6vi. Mt, 185 
Nang^ Parbat, Mt, 151, 156-157 
Matmal Bridge of Rock ovw 
River, 97-98 


NefaubMb Luminoiily M. $9S» 1^ 
„ Shweof, 333,335 
» Weights of, 333,335 

N^itnna, 255-258, 295 
Nentrcm, 339-340 
*New Radio Rod* ( m Apfiebn 
Layer) 

Non-winged Flying Animalsb 
47-48 • 

•o 

Observations, Meteondodcal, 
106-111, 196-197, 233-236 
Observatories, 106-111, 364-366, 

' 367-368 

t 

j Ocean: 

1 Age of the^ 56 
Areadf th^ 7 
Bed of the, 45, 46 
Depths, 42,43,44-45,^ 
Depths, Soundingof, 43 
Fauna, Largest Varieties 
46-47, 48-49 

Fresh-water Layers in tfae^ 55 
Oxygen Content of tin Water 
of thsb 55 

Oxygenless Regfam in the, 39 
Plant Life in the^ 42 
Pressures in the, 35 
Spectrum of the l^atar of thob 
39,40 

Warm-water Lagoonintheb 56 
Weight of the, 56-57 
Weiditof ^ Salts in theb 57 
Orkm (ConsWUation), 320, 323 
Oxygen: Use of, at hid> dtl- 
todes, 139, 151 
Oxone heftKt 225 


f 


w 






K 

Piinir PlataBo* 119-124 
Pamdmta Jampflt 147-151 
Pearl*divintri H 
Pdkaq. 34 

Persons ( Gxistellation ), 322 
Patrdoom Foontaios, 73 
Photography, ferial, 198, 271 
pigeons : How they fore at Ij^h 
altihides, 152 « 

Pilot-fish. 326 
Planet ‘P. 257 

Planed Weights of the — (sm 
onder respective Planets) 
Blaskett(star). 327 
Pleiades (Star Clnster), 322 
Plato (New Planet), 256, 257, 
295-296 • 

Polar Year, Second International, 
^33-236 

PNe Star ( PNaris ), 315 
PoUnx (star), 314 
PrabhSshaka (star)— ^e* Procy<m 
Procyon (star), 313,325,327,328 
Pnnarvasn ( see PoUnx, sfor ) 
PorvabhidriteadS ( see Markab 
and Scheat, idars ) . 

Pnrva Phalgwu (Lnnar Man- 
don), 316 

Purvashldl^*( Lunar Mansion), 
318 

Pnshyfi {see Caacri, Delta— star) 

R 

'Radio Roof* (see Heaviside 
Layer) 

Rainbow, 239,274-275 

1>il| L^n^ 129^150 


Raadli&ws, 19 / | 

Ra8algefi(sMH«eale^ iU| <te> n! 
star) 

Rayttei Lens, 344 
R^telns ( star ), 315, 325 
R6vati (Lunar hfonsitei), 319 | 
Rifle Ballets, Vdbcities of, 287 I 
Rigel( star). 323,325,328,367 ' 
Rohipi ( SM Aldebaxaa, star ) 

‘ Roof of the World* (sw Pinfir 
Platean) 

S 

Saint Elmo’s Pir^ 135 
Sands, ' Mndcal ', 66 
Saptarshi ( Constdlafion )— ana- 
Great Bear 
Satnm, 254-255, 294 
Sdieat (star), 321, 325 
'Sea of Milk’ in Atlantic 55-56 
Searchlights, 201-202 
Sea-snake, 47 . ' 

Sensations & Expbribncbs: 

(1) At Moderate Alfitnde% 

85-86 

(2) At Great Altitnde% 

• 203-205 

Shani (see Saturn) * 

Sharks in Fredi-watw Lake, 54 
Shaxmishte (ess CaShiopdai Star- 
star ) 

(Lnnar Mansion)^ 
318 

Shravapa (see Altair, star) 
Shnkfo ( sss Venus ) ^ 

' Shyok Dam’, 77-78 i 

Sitins (star), 311-312, 325» 3STf 
328 



Ill 


Sfcyw.it« , in liw Slnttp^ten^ 
236-2tt 

SnoiriitM fai difimat ptrta of tiM 

WociiH? 

* Safatr StMos Minor % 283<286 
SaniM<«nittiiig MonatidBab 27 
Sonod: Vdoeity in Sw-water» los 
andGaaoa, 43. 79. U9-140 
Sovad Waves froai Gunfiieand 
siniilar Explosions. 232-233 
l^caCstar), 322 
Spoogs-diving, 34 
Springs of Carbonic Add Gas, 16 
Springs of OM Compressed Air. 
16 

goings. Hot or Themud ( indn- 
ding those at Tdyngi NarSyan, 
Badrinatti & other places of 
inlgiimage ). 59-60, 64, 73, 


SVMS (esMfd.) 

Nttneticml Bstbsobso^ 91^7*309 
Parallaxes 309 
Pressure at dm Centre* 307 
Temperatnree of, 31(^ 328 
Twinkling of. 237 
Weights of, 327 
Strat(»phete 'Plane* 216-218 
Sob-artesian Wdls (sm Bote 
Wells) 

Sun : 253. 263t278, 368 
Age of the, 278 

M Pressore at die Centre, 278 
„ Total Edipse of the* 
267-271, 272-273 
» Weight of the* 277-278 
Snnligbti 239, 274-275 
Sviti ( m Arctaroe, star ) 

T 


74^5, 86* 94, 99-100, 105-106, 
* m-115,163 

Springs of InvisiUe, Inflammable 
Gas, 72-73 

l^prings, Radio-acttve, 10, 113-114 
Stalactites ft Stdagmites^^ 9-10, 
16,17 

Star Cltteters, 330-331 
STAftt; 

Arabio-nainhd, 366-367 
BiMaoe of. 331-332 
DidmioeBd: How palcnlated. 


Tamboto, Eroptions d, 175-17^ 
Telescopes, 341-344, 345 
TbmperaturbS Attained 
ASTtnCIALLY : 
il) ‘Highest, 21 
' (2) Lowest, 346 
*rrhe Wind in a P^c ', 118 
Thonder-storms, 132,133, 137-138 
Tridankn ( Constellatton y—»e» 
Cmda Beta ^ 
TrlshSl,'Mt, 147, 184 
Tube Wells ( SM Bon Wdls ) 


309-310 

Giant Sans*, 

311-312, 313, 3H 315-316* 
318-319, ^<820-321, 322-323, 
. 324,323^326* 327 

)L>«iiaiiodiy 0 ^’ 323 


U 

Ulki (ess.Meteon) 

Universe : 

Age of the* 352-353 
, Ng#yoftl^e^p3a|^fl<i^334 





W«igbtoriH 350 
UpagmhR ( m 
Ununnb 255.295* 
UtthttllUiidcasMdS ( m AMm* 
ratZi star ) 

Uttfaara mmlgoni ( sm Dsndbc^ 
star) * 

Uttbai^lshidliS (I^Btiar Man^ton), 
317 

V 

Vacoam; Lowest attainable in 
Laboratory. 246*247 
Tan Maanen’s Star, 312*313 
Varona ( see Uranus ) 
V6ga(star), 314.325.367 
Venus. 250*251. 253, 29S 
Vesavios, Eruptions (rf, 162 
'iQndhya Mts., 146 
Vishlkltil or Ridhi ( Lunar Man* 
tion). 317 

' Vdoe from tbe Sky ’ ( Akisha* 
vSpi). 211 

Volcanoes. Snbmaritis, 45*46 
Volcanoes, Wilisr^dischjHcgin^ 
116*117, 164 

Vdtage; Highest produced in 
Laboratorg, 136 
VySdba (star)— see String 

W 

WATERPALta ; . 

Cerosoii, 75 
Gsraappg. 66*69 
Miagaia. 63# ‘ 

Watacig^tsQi^Saa, 29^#^ . 


WftMQPOili: OS 

IJNtiliWHitWCI^ 9jL ^ 

Waves. H^iest; 32 
Whites. 41.46.48 
V^adf Vdodty 

6 miks above Barthi 196 n ' 
Works: iRubow. Podlc 
Bridge, 33 
World’s ; 

Most Appalling Vokaide 
Eruptions, 162*163, 168^ 
171*172, 173, 175*180 
Broadest Waterhdl, 63 
Coldest Place, 61*62 
Deepest Artesian WeU,^ l8 * 
Deepest Boring, 20 
Deepest (and Largest) 
terxabean Cave, 16 
Deepest Coal*nune, 18 
Deepest Active Cratar, 127 
Deepest Extinct O^Niter, "lOS 
Deepest Lake, 7l*7^ ^ 

Deepest Mine, 19 
Deepest^ Ocean Sionndtngkf 

43, 44 ' » 

Modt Eleyated Aerial Bbacn^ 

• 99 

Most Elevated ' Bubding 
, Spring’, 14*112, 113 
-Most Elevated Cblcmy, 

Most Elevated Col^Vttisaii 

Area, 126 « ' 

Most Elevatod Flying FMdli,. 

117 « ^ ► 

Most Elevated GokMNk 

126*127 ^ ♦ *• , 

Most Blovatsd Hd- ftWflMgjjj' 
128 ' ‘ 



110^ 


I H«tia|t1 


:zLX_:.. |W , 

Ii(moy tkiwli 

^ *lj(l ^'‘' 

IlMi ilbvAMd ‘ObMmioQr^ 

* m 

liostBlmted RiUtway ’ 

SUM m I 

liaik]Ey«vatied Railw^^Tmiod 
. abm 2 miles in togttii t 

100k 191 [ 

.Miatt Skmtei! Rdigioas 
Settlamm^ 127 1 

« MeOt Ekkvi^ Tableland 128 

l^ost Elavalad Town, 119 
libxft Elevated (and most 
terrific) Active Volcano^ 132, 
173 ! 

Ifori Elevated Extinct Vdcano^ ! 


Hetleit ItegioMb fiSMEA 
Kectael Siitinib ^ 

AicaIm CfaMr# 96i 
165466 % 

Largest B;riiart Crater, 96 
LargeriLalHb 60 

LtuqeeatLake ( Flearii'watar ), 
65 < 

TjargntLake (SnlrtenBaean}| 
9 • 

Largest Natural Snbterranean 
Hall, 16 

Largest Active Volcano^ 119 
Loftiest Place d Pil^riinage, 
142 

Longest Railway Tnnnri, lof 
Lowest Hot Springs, 594M) 
Lowest Lalce» 58 
Lowest Land, 58 
^westoRainfall Area, 84 
Nocthemmost Observatory, 236 


- 144 ! 

Grandest Crater, 62 ^ i68'171 j 
. Gsaitdest (and most extensive) 
^datecpanean Wondarlaod, 
i9 

Hifaebt ' Earth PiSara’, 64 t 
iHy^iefet loriwcgB, 31,41 

Hjlhest Islfa4 l^^^i***^* 11^ 

Mohad boilt by a 
, Bird, 60 

Higheat Idoontain Fnmt, 119 
H^hest-Rair^Ana, 84 
InUidwri. SaadJTuneik 65 

SuipQiiiion Bfid00^ 69 
Hottest Vfttet&tl, 75 
HhdMsl Vili^Anl Neats, 

* 6S«61 


nusengar-load Records for 
Aircraft, 98^ 

Rainless Area, 84 
Most Remadkabb Sobtena^ 
nean River, 9 
Saltiest LaltSk ’84 
Ta^t Buildingi, 69*71 
Tadbst Tower, 71 
Tallest Tree. 64 
Thickest Ro^'Sa&t Bet^ 18 
Thfokest Vallay-Glaciers. 75,78 
Unaiiis ^btsmnBBa Healtb* 
Ras^ 10 

Wondorftil^Sabforraaean 
> NaMiat PUbnd Halls, 9 

f 

TnMmemi fJriifc. J»5 








